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PREFACE 


It wasn,t planned to publish this topic in a separate volume. It 
was obvious after delving in lots of details that it is a priority to 
publish it separately. We do believe that one of the main reasons 
leading to the collapse of steel buildings is the designer’s bad choice 

of .1 jmfli of wind mu! cm flitjuukc loads lo die soil. 

In this second edition the new Egyptian Code of loads and 
forces (1993) has been applied allthrough the different chapters as 
well as in the solved examples. 
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CHAPTER 1 


BRACING SYSTEMS 

1.1 Introduction;; 

1.1.1 The Unstable! Structure: 

In order to illustrate the importance and need of a 
bracing system, consider the steel structure shown in Ftg.x.l.n 
composed of two columns and a jjirder connected together by two 
hinges The four corners (i.e connections) being hinged, the 
structure has a nil resistance against rotation. The column 
will rotate freely with respect to the girders and the applied 
force F will induce a horizontal deformation creating an 
unstable structure. 

The following three alternatives are possible to prevent 
the horizontal deformation: 

(a) To fill the panel ABCD with a rigid material in its plane. 

(b) To create a triangulation in the interior of the panel. 

(c) To make one or more of the connections rigid. 

This is what we call a vertical bracing system. " 

I•I - 2 Why vertical bracing are ne eded? 

In order to transmit the force F acting at the upper 
level of the structure to the foundations, as shown in Fig 1.1 
b, two diagonal members have been added to an intermediate panel 
to create a vertical bracing system. This means that if a 
structure is composed of different panels there is no need to 
brace vertically a^l the panels. It will be sufficient to brace 
only one panel which will be capable to transmit the force "F" 
to the foundations. The applied force F will induce a couple 
(F.h) which will create two vertical equal forces V of opposite 
sense (V= F*h/S) as shown in Fig l.l.c.. 
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On the other hand, if the structure is composed of several 
floors as shown in Fig 1.1.d, at least one panel at each floor 
must be braced. These panels can be chosen at random. 
Horizontal floors must be capable to transmit the force "F" from 
the upper braced panels to the lower one. The lowest vertical 
bracing ABCD must be designed to transmit the summation of 
forces F Cl.e. 4F), while the fifth force F is transmitted 

fhrecU y to Uie fnundaHnna nml I linn l ,, n»n an i I 
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(a) Unstable Situation 



(b) Stable Situation 
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(c) Resulting Forces 


(d) 


-j Floor (n+1) 
Floor n 



Floor 3 

Floor 2 

Floor 1 
Ground 


Fig. 1.1 Vertical Bracing. 









Floors transmitting the force "F" to the corresponding 
vertical bracing must be capable to achieve safely such a role. 
These floors are what we call horizontal bracing. 

1 * 1 *3 Why Horizontal Bracing Are Needed? 

Fig. 1.2, shows a horizontal floor subjected to wind 
forces "F" (case of windward side). Three different 
alternatives are possible in order to transmit these forces "F" 

Jo I ho (Oil 00111111.1(11(1 voi I. | (.a 1 hies* Jnj». 

(a) Alternative 1 : 

Fig. 1.2.a, illustrates the first available solution where 
at each horizontal axis (1.1),(2.2),(3.3),(4.4) and (5.5) a 
vertical bracing (shown by the dotted lines) has been utilized. 
The forces "F" are transmitted from the left side of the 
building to the corresponding vertical bracing by the floors. 
Hence these floors must be rigid enough to assure the 

transmission of these forces (say reinforced concrete slabs, 
composite floor, steel decks,_ etc). 

If wind forces are acting normal to the front side of the 
building, a similar arrangement of vertical bracing is needed 
along the axes (A.A),(B.B),(C.C),(D.D) and (E.E). 

(b) Alternative 2: 

If the horizontal floors are not rigid enough, a system 
of horizontal bracing is to be provided Fig. 1.2.b,illustrates a 
horizontal bracing constructed along the first two axes (A.A) 

and (B.B) by adding to the existing girders eight crossing 

diagonals. Two vertical bracing are only required (shown by the 
dotted line in Fig 1.2.b). The statical system of the 

horizontal bracing is as shown a truss with two horizontal 
parallel chords AA and BB. This truss can be considered simply 
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(a) Plan of a Floor 
1 st Solution 
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(a) Plan of a Floor 
2 nd Solution 




(a) Plan of a Floor 
3 rd Solution 


Fig. 1.2 Horizontal Bracing 





















supported at both ends where the rigid vertical bracing can well 
satisfy the requirements of two hinged supports. 

(C) Alternative 3: 

Fig. 1.2.c, shows a different arrangement of vertical 
bracing, where the horizontal bracing is displaced to an 
interior panel along the axes (C.C) and (D.D). 

The statical system of this horizontal bracing is a 
truss on two hinged supports with an overhanging. 

1.2 Generalities Concerning The Wind Bracing: 

1.2.1 The Main Functions of Wind Bracing Systems: 

■ . (iii 

Generally the steel structures are designed to carry the 
loads acting in their plane i.e.:(a) the covering material, 

(b) the own weight of the steel, (c) the superimposed loads, and 
(d) the wind loads acting in the plane of the steel structure 
i.e normal to the long side of the building. 

The main functions of the wind bracing are as given 

below: 

(a) To transmit to the foundations the wind loads acting normal 
to the steel structure, i.e normal to the short dimension of 
the building. 

(b) To transmit to the foundations the centrifugal forces, the 
braking forces and the earthquake forces. 

(c) To prevent the deformations induced by the horizontal forces 

(d) To decrease the buckling lengths of the vertical beam- 
columns. 

(e) To brace laterally the beam compression flange in order to 
increase the resistance of the steel sections against the 
lateral torsional buckling. 

(f) To provide the stability of the structure after the 
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construction as well as during the construction itself in 

; i 

order to prevent the problems of erection. 

1.2.2 Concept Regarding The Type Of Connections: 

The structural detail of a wind bracing connection can 
be either rigid or flexible. 

(a) Rigid Connections; 

The different structural elements composing the wind 

bfi i»K ' an !►<■» al. I.achml l ogo l,lim by r i g 1 <1 cuiillnclluuci 

(columns, girders and additional diagonal members) This concept 
has the main advantage that a decrease of steel weight is 

possible due to the redistribution of moments. The main 

disadvantage results from the complexity of construction of 
rigid connections in both directions where the cost is 
relatively high and the time consumed for the construction is 
appreciable. 

(b) Flexible Conn ections: 

If flexible connections are attaching the different 
elements of the wind bracing, the cost of fabrication is 

minimized, the erection is easier, but the weight of steel is 
relatively high. 

1 - 2 - 3 The Main Parameters Affecting The Choice Of Wind Bra cing 
System: 

The choice of a convenient system of a wind bracing 
depends mainly on the imagination, the sense of the engineer 
WITH REGARD TO statics and stability. Generally the following 
rules ,are affecting the choice of the structural ^system of a 
wind bracing: 

(1) Constraints resulting from the utilization of the 

structure (opening-doors, holes in slabs, glazing surfaces, 
etc... 

(2) Esthetic and economic constraints. 









(4) It is preferable to choose a statically determinate wind 
bracing system in order to eliminate the resulting 
indeterminate forces resulting from the prevented 
deformations. Otherwise the deformations will induce 

straining actions which must be considered in the 

... | • 

dimensioning. | 

(5) Forces induced in i wind branlng inomborM an© gcmoral 1 y eamail 
hence the design is based mainly on the allowable 
slenderness ratio ( L/i^300 for tension members and L/i^200 
for compression members). 

(6) For cases where it becomes impossible to arrange the system 
of bracing in the same plane or to get the different center 
lines intersecting at the same point, the additional forces 

; resulting from eccentricities are to be calculated. 
(Refer to Section 3.7.2 Vol 2). 

1-3 Location And Different Structural Systems Of Ver tical 
Bracing : 

1.3.1 Location Of Vertical Bracing : 

As a general rule, in a horizontal floor, the vertical 
bracing are to be located at three planes at least whose center 
lines are neither intersecting at a point nor all three 
parallel. Fig. 1.3, illustrates four different arrangements 
whose features are as given below: 

(a) Fig. 1.3.a, shows three vertical bracing (shown by 

the dotted lines) where their intersections are along a 
triangle. This configuration permits the vertical bracing 
systems to resist any wind load acting along any imaginable 
direction. 

(b) Fig. 1.3.b, shows three vertical parallel bracing. This 
configuration is not capable to resist the wind loads 
















acting normal to their planes. This arrangement is to be 
omitted. 

(c) Fig. 1.3.C, illustrates three vertical bracing whose planes 
intersect at point "0". This configuration will allow for 

rotation due to the applied force "F" and hence it must be 
omitted. 

(d) Fig. 1.3.d shows the most general configuration. Two 
vertical bracing are utilized in the two orthogonal 
directions. This arrangement is capable to transmit any 
applied wind force to the foundation. 

Generally the location of the vertical bracing can 
follow either a random location or a systematic location: 



' - 





(8) SofuUon We (b) ? anger ° f (c) Dan 8 er of (d) Two at Each 

Solution Translation Rotation Direction 

Fig. 1.3 Location of Vertical Bracing. 

Case (A): Random Locatio n: 

This consists first the choice of a vertical 

structural system of columns and beams regardless the 

transversal stability. Then the choice of vertical bracing 

will be on request depending on the utilization conditions of 

the building, the architectural needs (doors, openings, etc...) 

and finally the minimum requirements for the transversal 
stability. 
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This procedure seems to be very flexible,but it requires 
a continuous correlation of the previous demands. It is always 
possible to displace the vertical bracing from one panel to 
another either throughout the design process or throughout the 
construction. The analysis is to be again refined as well as 
the corresponding design of the structural elements. 

(H): Sysletnaf. Vo 1. oral, ion; 

Fig. 1.4, shows a systematic arrangement of vertical 
bracing in the two orthogonal directions. The choice of the 
vertical bracing will be either rigid frames or hinged 
triangulations owing to flexible behavior. The last choice is 
preferable for easier erection and specially for fire damage 
where only the two pinned members under consideration will be 
damaged, the other structural members will not be affected. 

1.3.2 T he Different Types Of Vertical Braeing: 

In order to obtain a rigid vertical panel to act as a 
vertical bracing the different following configurations are 
available: 

1.3.2.1 Filled Vertical Panels: 

In order to create a panel capable to omit 
deformations, a panel can be filled with a rigid material 
(brick, concrete, etc...). If a horizontal force F is applied as 
shown in Fig. l.S.b a diagonal compression of breadth (b) will 

• ,. . (iii 

appear (b is approximately equal to 6 times the thickness of 
the filled material) This diagonal will form a triangulated 
structural system with the vertical column and the horizontal 
girder. 


* Y7 * 
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Fig. 1.4 Systematic Location of Vertical 

Bracing. 

t ; " C ° ndition ’' ^ an exact transmission of forces 

:r e sausfied that ° f a suf — w* at the four coraer ; 

between the bricks and the steel structure. 


Bricks 



t = Thickness 
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Fig. 1.6, illustrates another application of the 
filled panel,where for case (a) a central reinforced concrete 
core closed at its four sides is utilized. Each of the plane of 
the core will act as a vertical wind bracing. While for case 
(b) the core is closed only at three sides, the fourth one being 
open for the use of escalators. For case (b) an additional 
vertical wind bracing is provided as shown by the dotted line in 
Fig. 1.6.b. 


<iii 

Additional 



Fig. 1.6 Vertical Cores. 


For both cases (a) and (b) the horizontal floor slab 
will act as a horizontal wind bracing transmitting the wind 
forces to the vertical core. 

1 - 3 - 2 ' 2 st eel Triangulated Structural Systems: 

Adding a diagonal steel member to the panel, we can obtain 
a rigid panel capable to prevent the deformations. Fig. 1.7. a 
illustrates a triangulated system where the diagonal member is 
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subjected to a tensile force due to the applied force "F". If 


this force 


"F m 


reverses 


designed to carry a compressive force (F/cos0). 


its sense, another diagonal must be 


If two diagonals crossing each other at the same panel 
(cross of SAINT ANDRE), are provided both diagonals will share 
equally the applied force "F" as shown in Fig. 1.7.b. Both 
diagonals are designed to carry a force equal to (+ F/2 cos0,) 
The reverse of sign depends on the sense of the applied force 
F (i^e, either wind;left or wind right.) 


Instead of crossing the two diagonals at the same panel 

i 

one can utilize two diagonals of opposite sense in two different 
panels (Fig. 1.7.c). 


This type of vertical wind bracing has the great 
advantage to be a flexible system. If openings exist (doors, 
upper windows, side windows), the diagonals can be arranged 
consequently as shown in Figs. 1.7.(d), (e), and (f). 

1*3.2.3 Rigid Frames: 

If the connection between the vertical columns and the 
girders are rigid, we obtain a rigid frame capable to overcome 
the deformations. 

Fig. 1.8 illustrates different types of rigid frames 
where the rigid connection is represented by a black triangle 
while the hinge by a black point. Beside each structural system, 
the bending moment diagram is drawn. 

' Case ls a two hinged frame where only one vertical 
column and one horizontal girder are resisting the horizontal 
wind load "F". Case (b) is a three hinged frame with two 
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vertical columns and and a horizontal girder. The two ninged 
frame shown in case (c) is the most common configuration. The 
moment being well distributed throughout the structural 
elements, hence a decrease of steel weight is achieved, but the 
cost of rigid connection may be relatively high. Case (d) shows 
a frame with four rigid connections two at the corners and two 
fixations at the bases. Generally these rigid frames are either- 
supported on the corresponding lower girder of the lower floor 
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If the steel structure is composed only of one story,the 
structural system of the transversal vertical bracing may be of 
the type shown in Fig. 1.9. Truss members connected to two 

vertical columns can constitute the rigid frame of a vertical 
wind bracing system. 




Fig. 1.9 Column Truss Frame. 

The rigid vertical wind bracing may be composed of several 

bays where the girders and the vertical columns of the steel 

structure are rigidly connected in the longitudinal direction as 
shown in Fig. 1.10.a. 


Fig. l.lO.b, illustrates the case of a multi-story frame 
where the columns are rigidly connected to the girders in order 
to obtain a vertical rigid frame bracing system. 


(a) 


(b) 


Fig. 1.10 Multiple Frames. 
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j-angulated Systems: 

In order to minimize the number of rigid connections,one 
can utilize either one or two diagonals pinned at their ends 
(i.e. the diagonals are connected to the columns and girders by 
flexible connections. This is what we call the 
semi-triangulated system. Fig. 1.11, illustrates different 
configurations of the semi-triangulated frames. Beside each 
system the bending moment diagram is drawn. 






Fig. 1.11 Different Semi-Triangulated 
Systems. 
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1.3.2.5. Tabouret system: 

"Tabouret" is a French word which means "Chair". In this 
representation we will use the expression of "Tabouret System". 

A "Tabouret” is a self stable structure composed of four 
columns and four girders attached to the floor below. 

Thcs ditfertml "Tabourd" uni La along the height of the 

building constitute the vertical bracing system. For 
transportation conditions, each "Tabouret" unit is attached to 
the unit below by field hinged connections. 

Pifi* 1.12.a, illustrates a "Tabouret" composed of two 
hinged frames ABEF and EFGH, connected to the girders BF and FG 
by rigid connections. To be noticed that all beam-to-column 
connections are field rigid connections, while connections at A, 
D, E and H are hinges attached to the Tabouret below. 

Fig. 1.12.b, illustrates four semi 2 hinged frames.; The 
connections attaching the different members are field hinged 

connections. While Fig 1.12.C shows a "Tabouret" unit composed 
of four 3 hinged frames. 

:• •; f 

To be noted that these system provide a vertical wind 

bracing system capable to resist wind forces in the two normal 
directions. 

N.B. Figs. 1.13 and 1.14, illustrate two examples cf 

"Semi-triangulated" systems where the statical system of 

bracing with the corresponding bending moment diagrams are 
shown. 
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Fig. 1.14 Example of Semi-Triangulated 

System. 

1.4. Location And Different Structural Syst ems Of Horizontal 
Wind Bracing: 

1.4.1. Location of Horizontal Bracing: 

The function of a horizontal wind bracing is to transmit 
the wind loads acting in the plane of the floor to the 
corresponding vertical bracing. 

The slabs of floors are considered to act as a horizontal 
bracing. For cases where the floors are not rigid enough 
horizontal bracing are to be provided by adding crossed 
triangulations either at an intermediate panel or at the edge 
panel (See Figs. 1.2.b,c) 
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1.4.2. Diff e rent Types Of Horizontal Mind Bracing : 

In order to transmit the longitudinal wind loads to the 
vertical transversal wind bracing, it is required to add to the 
structural system a horizontal wind bracing. Depending on the 
type of the structure, i.e. for a hall or a building the 
configuration of the horizontal wind bracing will differ. 


1 'l 7 1 


r; 


( A ) • II..i i ;miiI | |i, ;1( ; M|: 


< M Hu i I < l 1 iijr '; I I lit I HI <~;j ; 


As will be explained in Chapter 3 (Volume 2) the 
horizontal wind loads are transmitted to the vertical bracing 
by the following common configurations. 

(a) One-way action reinforced concrete slabs. 

(b) Two-way action reinforced concrete slabs or flat slabs (flat 
plates). 

(c) Horizontal bracing may be added for widely spaced, simply 
connected beam systems using steel diagonal cross members. 

(d) Composite floor' steel deck systems. 

(e) Composite steel-to-concrete action using shear connectors. 

The choice of the type of a horizontal bracing will 
depend on the spacing between the steel supporting elements. 

The advantages and disadvantages of each type is given in 
Chapter 3 (Volume 2). 

1 - 4 - 2 - 2 - Case (B): Horizontal Wind Bracing Of Halls : 

1.4.2. 2.1 Description ; 

For hall structures, the use of an upper as well as a 
flower horizontal bracing will depend on the available height 
between top arid bottom chords of the main steel structure. 

For column-truss frames as well as for roof trusses the 
clear available height will allow the use of an upper and a 
lower horizontal wind bracing, while for rigid frames, girders 












and arch structures the available height (depth of girder) is 
not sufficient to use a lower wind bracing. The upper W.B will 
carry together with the soil the whole longitudinal wind forces. 


A horizontal wind bracing is a truss structural system 
either statically determinate or indeterminate composed of the 
following structural elements:(See Fig. 1.15) 

(a) Top and bottom chords which are the two consecutive girders 
of the main structural systems "7". 

(b) Verticals which are purlins "5" for an upper horizontal 
bracing or additional longitudinal struts if a lower 
horizontal bracing is utilized (not shown in Fig 1.15) 

(c) Additional diagonals. 

(d) Supports which are the vertical longitudinal bracing "9". 



(1) End gable. (2) Long-side. (3) Roof. 

(4) Longitudinal struts. (5) Purlin (6) Edge purlin. 

(7) Rigid frame. (8) Door in the end gable 

(9) Vertical longitudinal bracing. 

(10) Upper horizontal bracing. 

(11) Vertical transversal end-gable bracing. 


in* 


Fig.1.15. 
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1.4.2.2.2. Different Configurations : 

Figs. 1.16.a, b, and c illustrate three-different 
configurations of statically determinate horizontal wind 
bracing. The choice of such types is governed by the length of 
the diagonals which must not exceed 5.0 meters in order to get a 
cross section composed of angles whose leg size does not exceed 
10 cms. 

M Figs. 1.16.d t e, and f illustrate two crossing diagonals 
|| configurations used extensively in hall structures. They have 
|pthe advantage that: the shearing force is shared equally by the 
llftwo diagonals and that their out-of-buckling length is 
■appreciably decreased.-. 




IR (d) Rhombic of ST^-AndretR 
System. 






Fig. 1.16 Different Types of Horizontal 
Wind Bracing. 
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1.5. Wind Loads On Halls And Buildings According To The Egyptian 
Code Of Practice 199 9 :- 

1.5.1. External Wind Loads On Buld ing s 

Wind pressure or suction, applied perpendicular to the 
different surfaces, depend on the direction of wind, and its 
intensity , the geometrical configuration of the structure, 

I Im on 1 cl Rin <-• • i J iijioii i iif? i! n < I I In" 1 lie. 1 (i 1 1 1 < * ( M Hill i U i n j: 

Concerning the values and directions of the pressure or 
suction wind loads, the following is extracted from E.C.P., 
1999 for the determination of the Applied Loads CLAUSE (1 - 12) : - 
The Pressure or the Suction induced on the surfaces of 
a bulding are cumputed according to the following relation :~ 


P = c . k . q 
e e 


Where : 


p = the static external wind acting perpendicular to the 

Q 

unit area of the external surfaces of the buliding . 

cl' 

q = the pressure of wind per squared meter and it 
depends on the location of the building according to the 
foilwing table 


Wind Pressure M q' 



THE LOCATION 


Mersa Matrouh. 

Alexandria, Saloum, Abo-Sir and Hurghada 

Cairo, Assiout, Belbes and other sea 
Location. 

Siwa, Dakhla, Fayoum, Minia, Louxer, 
Asswan and Moudiriat El-Tahrir. 

Tanta, mansoura and Damanhour. 























k 


a coefficient depending on the height of bulding 

2 (ms) which is measured from the ground level and taken 
according to the fpllwing table :~ 


2 (ms) 

0-10 

10-20 

20-30 

30-50 

50-80 

80-120 

k 

1.0 

1.1 

1.3 

1.5 

1.7 

1.9 

2 {mo ) 

120-160 

» 160 





K 

2. 1 , 

2.3 






e a factor which depends on the shape and size of 
the structure and can be determined from the following :~ 


C e *-0.8 



ELEVATION 

(a) Buildings having rectangular /M u 

facades. S Buildings having vertical 

and inclined roof. 



According to the inclination of the roof "a" 
can be determined using the following chart : 


the 


coefficient 
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inclined roof BC ( if 0.4 < tana < 0.8 ) two casesof loading are 
to be considered one will be pressure and the other one suction . 
On the other hand if tana of the inclined roof is s 0.4 the roof 
will be subjected to a suction where = -0.6 according to the 
previous chart . 

As an example :- 

a = 30 , hence tana = 0.5 , refering to the chart 
two cases of loadings are to be considerd where : 


C = +ve 
e 


pressure 


C - ~ve 
e 


suction 


















Regarding the vertical surface adjacent to the windward 
side C e = +0.8 and a surface as AB will be always subjected 
to a case of wind pressure . 

On the other hand the leeword side of the building will be 
subjected to a suction with C & = -0.5 , this will be the case 
of surface CD and CE . 

1 ^ / I )f for up! Win«l l.oado On J!aw Inol.h !ll.nn:l urea 

For one storey buildings of saw-tooth type ,the values of 
the coefficient C^ are to be taken according to the following 
figure :- 


EITHER 


n * 





































ypH^TER 1' , _29_ | _•_ 

It can be observed that for the shown case of wind loading 

the surface D,E,F,. L as well as the end gable "B" are 

subjected to a leeward suction whose C = -0.5 . Regarding the 

surface "C" ,C depends on the inclination "a" where the chart 
© 

of section 1.5.1 is to be utilized to determine weither the 
roof "C" is subjected to a pressure or to a suction . 

1.5.3. Internal Wind Loads On Internal Surfaces Regarding Str¬ 


uctures With Openings 0.1 UllicrcnL ConilguraLions 


In order to determing internal resulting wind pressure 
P for buildings with openings , the following relation can be 
utilized :- 

P. = c. . k . q ..... (b) 

li 

Where k and q are given in Section 1.5.1 , while the 
coefficient C^ depends on the opening configuration and can be 
determined using Fig.1.17.1 and Fig.1.17.2 . 


C { — 10.3 


c i=- ( 


Fig. 1.17.1,Case (a) Usual Type. 
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(a) The structure is decomposed to in plane faces. 


(b) Each plane face is capable only to resist in-plane forces 
where the transversal flexure as well as the torsional 
rigidities are negligible. 


(c) The different plane faces composing the structure are 
connected together by flexible connections. 1 

Fig. 1-18, shows a simplified space structure wH.h 
vertical and horizontal bracing systems. 


Horizontal Face 



* Fig. 1.18 

1*6.1 The Horizontal Bracing : 

Fig. 1.19, illustrates the horizontal bracing where a 
concentrated load "W" is applied at the corner E. If the force 
.-IT *4-5?, displaced at mid-distance of the panel, a moment is 
induced (H = W x -). This moment is replaced by components w/4 
acting tangential to the four sides. 
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1.6.2 The Vertical Bracing: 

Fig. 1.20, shows the different applied forces on the 
different vertical bracing component where the principle of super 
position is applied. 



This method of idealization has the great advantage to 
use flexible connections and so the different members composing 
the bracing are truss members pinned at both ends. 

Concerning the vertical columns additional vertical 
| forces are to be considered in the design. The vertical forces 
Resulting at adjacent faces are to be super-imposed. 
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1.6.3 Wind Loads (Wind Pressure) : 

Consider the longitudinal section of the structure shown 

in Fig. 1.21. a, where the wind is assumed to be acting in a 

direction parallel to the longitudinal axis of the building. 

The resulting wind loads will act perpendicular to the 

corresponding face producing either a pressure or a suction 

defined by (p ) (See Fig. 1.21.b). 
w 

On the other hand, If there exists openings at the 
different faces, an interior pressure or suction P^will act on 
the different faces depending on the position of the openings 
(Fig. 1•21•c)• 



Wind Flow J pressure J Co^trucUon L Suction Limet Layer 

(a) Path of Wind 

Pwa = Suction 


p wi = Pressure 


Wind 


Windward Side 



(b) Resulting Loads 

- P_ ( = Pressure 


P*s - Suction 


Leeward Side 


P wl = Suction 


Opening 

(c) Effect of Opening 

Fig. 1.21 


Opening 

















1.7. A Study Case Of The Stability O f St ructures W it h Respec t To 
Hor izontal Loads : 

Consider a series of steel frames of span 24.0 ms spaced 
8.0 ms apart covering an area 24.0 X 24.0 ms. The steel 
skeleton is composed of two floors covered by reinforced 
concrete slabs. It is required to choose convenient systems of 
bracings in order to transmit the wind loads safely to the soil 


foi (ho c:lriirlurp «=fb<*wn below 





-f? eC 


1.7.1. Transversal Stability : 

| Two different cases are to be considered: 

ft - ‘ i 

I ase (A) : Consider that the main steel frames are stable in the 
ransversal direction (statical stability). This can be 
phieved by using frames with two hinged bases with at least two 
igid beam-to-column connections (See Fig. 1.22.a). 

W„ and W^are the resultant forces due to the 

12 1 2 

ressure and the suction on faces ABCD and EFGH (acting in the 
ransverse direction, i.e perpendicular to the longitudinal axis 


|| The main steel frames can be either statically 

jdeterminate or indeterminate structures and they will be capable 

u • 

|to resist the moments induced due to the horizontal applied 
forces, W„ , and 


















Case (B): Consider the steel frame shown in Fig. 1.22.b. This 

--T--- < 

represents a case of an unstable position in the transverse 
direction (statical instability). 

The horizontal forces being applied, the structure will 
deform laterally a great amount 5. This situation is to be 
absolutely prevented where damage will occur to the glazing, 

ua I I a , 1 nlr.i i mi |>pl' I. i i i m irj , oil . . , II10 l»oam I. o column 

connections are not capable to transmit the induced moments. 



Unstable Position 




w, 

Vfx 



Stable Position 


24.0ms 

(b) 


6 “Great 


Secondary I 
Column* < 


Fig. 1.22 


V ertical 

Bracing \ S “Small 






8.0 | 8.0 ( 8.0 | 


For such situations, it is necessary to assure the 
transversal stability (statical stability) by using vertical 
transversal wind bracing capable to transmit the horizontal 
forces W.as shown in Fig. 1.22.C. 
















riMii 
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W = 0,8 X 50 X (- + %) X 8 = 1.12 tons. , 

1 2 2 — € v£ ^■yV'jAffe- 

4 ■ 

U 2 = 0.8 X 50 X - X 8 = 0.64 tons 

= 0.5 X 50 X (| + |) X 8 = 0.7 tons. 

W 2 = 0.5 X 50 X | X B * 0.4 tons. 

W : + = 1.12 + 0.7 = 1.82 tons. 

W 2 + W 2 = 0.64 + 0.4 = X.04 tons. 


1.56 X 7 + 2.73 X 4 
8 


= 2.8 tons. 


1.7.2. Longitudinal Stability : ' 

Consider the wind loads acting in the longitudinal 
direction, (i.e. acting parallel to the longitudinal axis of the 
building). If in the longitudinal direction, there are no 
additional arrangements of vertical bracings, the structure will 
deform laterally as shown in Fig. 1.24. The great amount of 
deformations will create an unstable structure. 



Fig. 1.24 

In order to get a stable structure, vertical 
longitudinal bracing must be utilized as illustrated in Fig. 
1.25. 












Longitudinal 


Vertical Bracing 


Horizontal Bra cing 
(Slobs) 



Fig. 1.25 


Fxactly as in Section 1,7.1, the horizontal loads W , W 
\ \ d 4 

,W^and will be transmitted to the vertical bracing by means 
of the horizontal slabs which act as a horizontal bracing. 

Referring to section 1.5 one can calculate the different 
horizontal forces (Fig. 1.26): ( Neglect wind effect on 

horizontal roof) 

w = 50 X 0.8 X (2 + jh x 12 = 1.68 tons. 

4 2 2 

W 3 = 50 X 0.8 X | X 12 = 0.96 tons. 

= 50 X 0.5 X (| + |) X 12 = 1.05 tons. 

W 3 = 50 X 0.5 X | X 12 = 0.6 tons. 

V = | [(0.96 + 0.6) 7 + (1.68 + 1.05) 4] = 2.73 tons. 


^ W. 


0-0.5 



S 



C=0.8 


Fig. 1.26 
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1*8. Effect of Bracing On Thermal Deformations : 

1*8.1. Different Configurations Of Bracing : 

Fig. 1.27, illustrates different configurations of 
vertical longitudinal wind bracing systems. 

Tfre configuration (a) is only convenient for halls of 

relatively small length (where the length is the distance 

measured in the longitudinal direction of the building, while 
the span is the distance measured in the transversal direction), 
This configuration permits an easy erection. The erection 

starts at one of the ends of the building till reaching the 
other end. It has also the advantage that the thermal expansion 
will not create additional forces. 

Configuration (b) permits the construction of halls of 
greater lengths with only -one vertical longitudinal bracing. 
The thermal expansion will be divided to two portions acting at 
both sides of the bracing. The main advantage of this 
configuration is that the horizontal wind forces will go through 
only one half of the length of the hall till reaching the 

bracing and then transmitted to the soil. The disadvantage of 
this configuration concerns the erection process which cannot 
start at one of the ends of the building. 

Configuration (c) is grouping all the previous 
advantages. The horizontal longitudinal forces acting on the 
end gables are transmitted directly to the corresponding 
bracing. This consideration is the best one where it is always 
recommended to transmit the forces from one structural element 
to the other using the shortest path. But on the other hand, 
this configuration has the disadvantage that the longitudinal 
structural system is statically indeterminate. Thermal 
expansion will create additional forces which if they are not 

taken into consideration, different structural elements will be 
over stressed. 
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^Thermal 

Expansion 



l _Thermal 

Expansion 



„_Thermal 

Prevented Expansion 



Expansion 





Fig. 1.27 

Configuration (d) permits the construction of halls of 
great lengths where one intermediate joint or more are needed. 

These joints will allow thermal expansion without the creation 
of additional forces. 


The maximum length of a building without intermediat< 
joints will depend mainly on the utilized materials and their 
connections to the steel structure. Generally the maximun 
distance is situated between 40 and 60 ms. 
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1.8.2. Example Of Calculation Of Addition al Forces Created By 
The Thermal Expansion For Statically Indeter min ate 
Structural Systems: 

Consider the example of the hall illustrated in Fig. 
1.28. It is required to calculate the additional compressive 
force X in the upper strut due to an increase of temperature At 
equal to 30°C with respect to the conditions of construction. 




6x8.0=48.Oms_| 

Fig. 1.28 

Considering the principle of action and reaction a force 
equal and opposite to X will be applied on the vertical 
bracing. 

From the equilibrium at joints of the bracing 
(considered truss structure), it is quite evident that the 
horizontal forces can only be transmitted to the bracing at 
joints (1) and (1^). The thermal effect will be considered on a 
length (L). 

L = 40.0 ms. # 

AL t = a.A^.L (where a is the thermal expansion 

coefficient). 

AL t = 1.2 X 10” 5 X 30 X 40 X 10 2 = 1.44 ms. 

If only one transversal bracing is utilized at one of 
the ends,, the corresponding thermal expansion will be 1.44 ms. 
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b.. The choice of two vertical bracing systems is creating 

|the indeterminate force X. 


The contraction of the upper purlin due to X is: 


A L - = 40 X 1(T 

x AE 2100 X 53.8 


K - young's modulus. 

|; A = Cross-sectional area of the upper purlin. 

II Using the traditional theories of theory of structures 

p;-' - 

|one can calculate the horizontal displacement <5 of a vertical 
|bracing due to a unit load (Fig. 1.29). 

Applying Maxwell’s theory <5 can be calculated: 

7 N 2 
„ X i 

<5 = -—-_ L 

i E A L i 


Where: N. 

l 


“ force in member (i) due to x = 1 ton 
= cross-sectional area of member (i). 

= length of member (i). 


6 Due TO X= 1 ton 
1 f 7 X- it 


//'> 


! /V 

i / \ i 


Joint 7 



X — 11 


Equilibrium of Joints 


Joint 3 


<Sy & 

ox w 

/ / CO 


+ 0.5L 


Joint 4 
+ 0.5t -0.5t 
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Use table 1.1 in order to calculate <5 . 


a = i £-V L 

E A 


60.087 

“2100 


= 0.0286 ms. 


Displacement due to X = 5 . X = 0.0286 X, 
Applying the compatibility equation we get: 


AL t - AL X =26 X 


i . p . <v A \ I 


X ~ 2 A X 


then '■** ~ x = 2 ( °- 0286 >- x 


or X = 15.55 tons. 


It can be noticed that the value of X force is of great 
importance, it produces additional forces in wind bracing 
members, purlins and struts. 

Table 1.3. 


Member N (t) Profile A (cm 2 ) S (cm) 


0.625 


HEA 400 


1- 4 

2- 4 

2- 5 

3- 4 

4- 5 
3-6 
3-7 

5- 7 

5- 8 

6- 7 


-0.8 c£ 193.7 . 5.4 31.9 

+0.8 <£193.7 . 5.4 31.9 


+0.625 


HEA 400 


+0.5 <£193.7 . 5.4 31.9 

-0.5 <£193.7 . 5.4 31.9 

0 HEA 400 

-0.8 cp 193.7 . 5.4 31.9 

+ 0.8 <£193.7 . 5.4 31.9 

HEA 400 
IPE 300 



1.228 

12.84 

12.84 

1.228 

3.135 


3.135 


12.84 

12.84 




=60.087 

























K 


The additional force in the upper strut will cause 


additional stresses: 




15.55 2 

- 53 Q = 0.289 t/cm . 


Concerning .. the purlins they must be designed as 
beam-column structural members whose normal force is 15.55 tons. 

l/J - + And Design Of Wind Bra cing Systems: 

1.9.1. Allowable Stresses: 

The different structural truss members of wind bracing 
systems are either tension or compression members. The 
allowable stresses given in Sec.2.9.2 and 3.5.3, Vol.I are to be 
utilized. As has been previously discussed in section 1.6, the 
Hind bracing in reality are parts of a three-dimensional space 
structure. Idealized to plane structures, the E.C.P. recommends 
to decrease the allowable stresses by 15X, i.e. multiply the 

allowable stresses of sections, [ (2.9.2) and (3.5.3) Vol 2 ] 
3.85. 


Generally the upper and lower roof bracing, as well as 
the vertical longitudinal and the vertical transversal W.B are 
fither statically determinate or indeterminate structures. 

s will be given in Sec.1.9.4, an approximate method of analysis 
oncerning the statically indeterminate systems considers equal 
ihare of force for each two crossing diagonal members. For such 
tuations, allowable stresses are to be decreased by 20 percent 
e. multiply by 0.8). This decrease is not applied for 
terminate systems, hence the following can be applied: 

Tension members: f = 1.4 x 0.85 x 0.8 (st. 37) 















m 
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7500. 


compression members: f c = j ~ j 2 x 0.85 x 0.8 


or: f c = [1.4 - 0.000065 (L/i) 2 ].[0.85x0.8] 

where the factor 0.85 stands for the space action and the factor 
0.8 for indeterminate structures. 

1 * 9 * 2 * Stif fne ss .^Con ditions: 

If the force of the wind bracing member is a tensile 
force, the same stiffness condition as the main members is 
utilized (i.e. L/i< 300), while for compressive force the 

stiffness condition is greater than the main compression 
members where L/i< 200. 


Hence: 


Tension Members 
Compression Members 


L/i ^ 300 

L/i £ 200, 


1 * 9 * 3 * Buckling Length Coefficient : 

In fact structural members of wind bracing systems are 
truss members where rules previously given in section (4.3) 
of volume I apply. 


Two different situations will be considered: 

Case (A) In~plane Buckling ; 

The in-plane buckling length of all bracing members is 

equal to the length between the adjacent joints composing the 
bracing member, i.e. K = 1. 

C ase (B) Out-of-plane Buckling : 

The out-of-plane buckling will be governed by the two 
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nearest adjacent joints braced laterally (i.e. prevented to move 
out-of-plane of the bracing system). 


Applying this definition: 

| (i) The out-of-plane buckling of members AC and BD will be the 
lengths L Ag and respectively. Some restraint will occur 

at joint (M) due to the intersection of the two diagonals, 
which lf?adn to uho K ^O.TfS for* the out^of'-plane buckling 


for members AC and BD. Refer to Fig.1.30.a; L = 0.75 L 


BD* 


ms 


(ii) Fig. 1.30.b, illustrates a panel of upper W.B. where the 

member EF is added. The joint (M) is more restrained 

b, in case (b) where 8^< <5^. A buckling coefficient value 

| K = 0.6 is a convenient value to be utilized, (L = 0.6 L ) 

b bd 


Fig. 1.30.c, illustrates a vertical W.B. where for 
members BE, AG and BG the previous rules apply. While for 
members BD and DG, we can notice that joint B is braced 
laterally while joint D can move laterally allowing 
deformation 6^. Joint D being restraint by the existence 
of member CF, the out-of-plane buckling length of members 
BD and DG'can be calculated as follows: 


I, (out of plane) = 


2 x 0.75 

I' 'T* 

(BD or DG) Lateral Restraint 


oXjg 


movement of Coefficient 
joint D 

1-9.4. Approximate Method Of Anal ysis: 

CAse (A) Statically Determinate Systems : 

No problems arise for the statically determinate systems 
where the equations of equilibrium are to be utilized (i.e., Xy 
- 0 and Xx ~ 0 ). 
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(B) Statically Indeterminate Systems: 


Fig. 1.31, illustrates a statically indeterminate system 
|n'.upper roof wind bracing system. An exact analysis needs 
jjolve. a structure four times statically indeterminate which 
ids tedious work. 


H 


Hi 


An approximation consists to consider that at section 
SjJboth diagonal members will share equally the vpi-llm! 
ear (4P - P /2). 


u u 



1.75 


|F U / C °se), AB being tension and CD compression. 


|1.9.5. Example Of Applica tion: 

^ Fig. 1.32, illustrates a column-truss frame with an 

|upper, a lower and a vertical longitudinal wind bracing. 

Ihe corresponding configurations of bracing, the induced 
forces, the corresponding buckling lengths and the used steel 
jross sections are shown in Figs. 1.33, 1.34 and 1.35 and 
fables 1.2, 1.3 and 1.4. 












mm 


■MB 









































































X ' 10 ' — Ct Buckling Length Coefficients Of Vertical and 
Horizontal Bracing Systems Of The Triangulated Type : 

A theoretical study entitled "Out-Of-Plane Buckling of 
steel trusses with semi-rigid connections have been conducted in 
the steel constructions division" of Cairo University in 1988. 
(Reference 12).The objectives of this research were as follows: 

(a) The formulation of the problem of buckling for apace uleel 
frames with general members and general end conditions (i.e. 
semi-rigid connections). 


(b) The preparation of a computer program capable to calculate 

the buckling length coefficient of any structural member in 
any given space frame. 


(C) The application of the above program to the structural 
elements of vertical and horizontal bracing in order to 
obtain a series of charts, useful in design, for the 
determination of the buckling length coefficients. 


The study investigated the problem of buckling of single 
symmetric steel elements with semi-rigid connections where 
analytical equations in the plane as well as out-of-the plane of 
symmetry were derived. The in plane buckling length coefficient 
and an equivalent torsional flexural buckling length factor 
(out-of-the plane of symmetry) have been determined. 


The matrix approach was used to formulate the stabili 
of space steel frames. A computer program was developed for t 
calculation of the buckling length factor for any structur: 
member in a space frame of determinate dimension*, the memb< 
properties and the connections rigidities were assumed 
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System (7) 


Fig. 1.36 Different Systems of Vertical Bracing 


W Joint (B) Joint ( C ) 

tig. 1.37 Details of Iterseeting Member 



c 


■■■■■■ 

Ei 

m 

mKBBmmt: System (5) 

1 

System (6) 
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computer program has been utilized Z 7 
buckling length coefficient of diff „ calculate 

horizontal bracin* w - th SyStemS ° f vertical 

connections 

Six different vertical hr*~ • 

(see Fig. 1 ' 36 ) F - 01118 Systems hav e been stud 

;*rrr r ^ 

tbe follow, nB .... ’ " Ule analy 

^ The in plane and i 

beam-to^column f rame c P ^ riglditles of i 

pencent co„n,ntt. n , ^ 

«n»i :7s\~°’ " 

131 “;™" " h * re —- «-**— t*, 

igxdxtxes are assumed equal to unity. 

F igs. 1.38, to i 

between the burn- ’ lllustra tes the 

buckling length factor K and th 
rigidity ratio rr Tn . and the 

-responding to RR ' equal £ n ° tiCed th “ '" the -lues 

- :r:rr: wen - ~ as 

recommended for design pur p a o C s h es fl8Ure fr ° m ^ ^ 

the theoretical values given i„ Figs j 
the proposed values given in Sec. 
that the proposed 
can be safely utilized. 
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mmm 


System (1) 


System (2) 


ffln 


System (3) 


System (4) 


Fig. 1.46 Horizontal Bracing Systems 






















































-"'Fig. 1.46, illustrates the configuration of four common 
horizontal wind bracing systems analyzed in space. The 
out-of-plane buckling length coefficient has been determined. 

Figs.1.47 to 1.50, illustrate the results obtained for the 
different horizontal wind bracing systems. A practical value 
of RRy equal 20 percent is recommended in order to determine the 
proper buckling length coefficient (K) of the different 
structural members. 

Comparing the theoretical results of Figs. 1.48 to 1.50, 
one can deduce that for all diagonal members, the proposed 
values of Sec. 1.9.3, are conservative while for the vertical 
struts the situation differs where such proposed values seem to 
be unsafe. 
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Transmission of Braking Force to T.W.B 


A. Rails 


(BF/n) 


B. Bracket (BF/n) + h .(BF/n) 

a 

C. Flange of column (BF/n) + h .(BF/n) + hr.(BF/n) 

a b 

D. Centre line of column (BF/n) + (BF/n).h + (h + h ) (BF/n) 

a be 

E. Centre line of strut of transversal wind Br. 

(BF/n) + (BF/n).h + (h, + h + h- ) (BF/n) 

a bed 


n = no. of trusses 






















































7500 

(199.50) 


0.043 t/cm < f 


(safe) 


0.048 t/cm' 
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ly X ly = 5756 = 153 ‘ 3 < 200 


1 . i 391 

X 7 X = 1796 = 199 


x 0.85 x 0.80 =0.128 t/cm . 


Check of Stresses: 


162.89 cm . 


Area required: 


0.740 _ 

0.60 x 0.85 x 0.80 


= 1.814 cm" 
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Section (S^-S^): 


F 2 = 


- (3.60 - 0.90/2) 


2 cos(50.20) 


ss — 2.46 ton 


Member (2): D.F. = - 2.46 ton. 1 = 3.91 m. 1 = 4.69 m. 

-- x y 


Stiffness Condition: Try 2 back to back 


x 


X 


f 200 .*. a i 


391 


0.30 x 200 


{ 6.50 cm. 


Construction Condition: 

(a - t) i 3 (p (a - t) f 4.20 cm. 


Area Required: 


2.46 


2< 0.60 x 0.85 x 0.80 

s 


r ss 6.03 cm 


choose 2< ( 65 x 65 x 7) 

s - 


l y / X y = 153.3 


1 , i = 199.50 

x / x 


. ’. f =0.128 t/cm . .‘. f 
c 


choose 2 < (70 x 70 x 7) 

s - 


= = 0.141 t/cm2 > f 

ac 2 x 8.70 c 


(unsafe). 


I = 2 

y 


^ 42 . 


40 + 9.40 (1.97 + 0.50) 


= 199.49 cm . 


1 = 
y 


199.49 
4 2 x 9.40 


= 3.26 cm. 


l = 

X N 


2 x 42.4 
2 x 9.40 


=2.12 cm. 


X x / X x = = 184.43 X y / X y = = 143.87 


2*12 


3.26 




HI 

A 
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0.80 = 0.149 t/cm 


■R 


WM: 


2 x 9.40 = °' 13 ty 


9 

t/an . 


(safe). 


Member (3) ; 

Equilibrium of Joint (A) ; 
F 3 = P L +0 V 75 P L ~ *• 

F = 0.50 x 0.90 = 


Stiffness Condition: Try 2 < back to back. 
— -■— J s 



X = 500 cm. 

X 


1 = 500 cm. 

y 


.1/i } 200 

Construction Condition : 

(a - t) i 30 i 4.20 cm. 

Area Required: 


a i 


500 


0.30 x 200 


^ 8.33 cm. 


0.45 


1< 


2 x 0.60 x 0.85 x 0.8 


= 0.55 cm 


choose 2 (90 x 90 x 9) 

S —.. . 


iy “ 4.08 cm. 


1 A 500 
y/ 7 = 4708~ = 122 ’ 55 


i =2.74 cm. 
x 


1 A 500 
x/ x = - - --- = 182.48 
2.74 
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f = '* U{J _ _- x 0.80 x 0.85 = 0.153 t/cm 

C (182.48) 2 


f - = 0.015 t/cm 2 < f 

ac 2 x 15.5 c 


. ’ . (safe) 


Equilibrium of Joint (B): 


ness Condition: Try 2 angles back to back 


4 4.167 era. 


fonptruction Condition: 

p||a- ; ' : . : "'"ipl^b cm. 


0.90 


Ilf:;: A = -- = 0.882 cm 

fefc 1< 2 x 0.85 x 0.60 


l| Choose two angles (50 x 50 x 5) 


Check on Stresses: 
















i = MIp— = 2.43 cm. i = 
x v hx 4.80 x 


2 x .= 1.514 cm 

2 x 4.80 


X _ 250 .. n ^i; <1 

— = 17514 “ 165 - 13 


y 300 
T ' 2.43 

y 


= 123.46 


r 7500 

• r “ i " "'. 2 

C (165.13r 


X o= B5 - 0,234 l/rm 


. * . f 


ac 2 x 4.80 


?.?— = 0.094 t/cm 2 < f 


*. (safe & economic) 


3- T.W.Br.: 

M ember (1) : 

From Section (S^-S^): 


1.081- 


2 


[ B 
assuming forces in the 3 6t —f ~y 

diagonal are of equal s __ 


value 


F = ~ ■— = - 0.84 ton. 

1 2 cos(50.2) 


2.86t/2-f 


L = I (3) 2 + (2.5)2 _ 3 _ 90 m _ 


5.0ms 


L = 390 cm 
x 


L = 0.60 x 2 x 390 = 468 cm. 

y 


Stiffness Condition: Try two angles back to back. 


. . a 


0.30 x 200 


i 6.50 cm. 
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1 = 
y 


X 


X 


56.66 
2 x 4.80 

250 

fe")1.514 


= 2.43 cm. 


= 165.13 


l = 
x 


2 x 11.0 
2 x 4.80 


= 1.514 cm. 


- Ith - 123 - 46 


i 




Gy 


x o.iS * 0.334 t/ra 2 . 


1165.13) 


. _ ,0.90 

't * ac "*■ 2 x 4.80 


= 0.094 t/cm < f 


.*. (safe & economic)|| 


3- T.W.Br.; 

Member (1) : 

From Section CS^—)s 

£ f^ = 0.0 £ assuming forces in the 

diagonal are of equal 
valuej . 

• 1.08 


F 1 " 2 cos(50.2) 


= - 0.84 ton. 


L = 


(3) 2 + (2.5) 2 = 3.90 m. 



-S, 


3.0 


—S, 


- -Sr 


3.0 


14.0 


L = 390 cm 
x 


L = 0.60 x 2 x 390 = 468 cm. 

y 


Stiffness Condition: Try two angles back to back. 


390 


a | 


0.30 x 200 


f 6.50 cm. 
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Try 2 channels b.t.b, 
Stiffness Condition: 


500 


x 


} 200 


i i 2.50 cm. 
x 


500 


i 200 


. ' . i i 2.50 cm. 

y 


Area Required 


0.54 


1[ 


2 x 0.60 x 0.85 x 0.8 


0.662 cm 


choose 2[ s No. (10) 


j- = 13.50 cm 


Check on Stresses: 


I = 2 

y 


[ 29 ’ 


30 + 13.5(1.55 + 0.50) 


2 


= 172.07 cm 


:172 07 

i = — 5 — ‘.~ g = 2.52 cm > 2.50 cm (safe) 


1 = 


206 x 2 


x A 2 x 13.5 


= 3.906 cm > 2.50 cm (safe) 


y 500 

I~ = 2752 = 198,41 


. x. 7500 2 

i > • * = - —5 x 0.85 x 0.80 = 0.129 t/cm . 

fev -(198.41r 


-v ...; 

ac 


0.54 2 

■5 -_ g = 0.02 t/cm < f 
£. x 10 .a c 


.’. (safe) 
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Stiffness Condition : Try 2 angles back to back. 

l 390 - 

f 0730“^T200 t 6 * 50 cm ’ 

Construction Condit ion: 

(a™ t) / 3 x 1.40 ^ 4.20 cm. 


Apoe« lioi|ilirr.<l : 


3.655 


1< ~x 0.60 X 0.85 x 0.80 " 4 ' 479 cm 


choose,2<„ ( 75 x 75 x 8) 

S —*. . . 


[ A 1<; = 11.50 cm 2 J. 


Check oh Stresses: 


V 2 


[ 58.90 + 11.50(2.13 + 0.50) 2 ] = 276.89 cm 4 . 


= f 276.89 ~~ 
N 2 x 11.50 


= 3.47 cm. 


x = 


2 x 58.90 
2 x 11.50 “ 2 


y - 468 

> ~ 3.26 “ 14 3.56 


x 390 


i 2.263 


= 172.34 


mmMfm 

0WW: C 


I v7500 


(172.34) 


2~ x °v 80 x 0.85 = 0.172 t/cm 2 . 


' r — 3.655 9 

ac 2~x 11.50 = °* 156 t/cm < f 


263 


• . (safe). 








m 
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iter (5): 




SmfSecti bn|||,Spj^p| 


J f =0.0 assuming the diagonals are equal, one tension 

xl 1 


and the other compressionj. 


|j; : 

mf' 


. ' . F, 




08+3.60+1 


2 gob (38,65) 


= _ 


3.912 ton. 


L = 


C2) 2 + (2.5) 2 = 3.202 m. 


L = 320.2 cm 
x 


L y = 0.75 x 2 x 320.2 = 480.3 cm. 


Stiffness Condition: choose 2 < back to back 
•- s 


- 320.2 

a f _____ / 5.34 cm . 


Construction Condition: 


(a- t) i 3 x 1.40 it 4.20 cm. 


Ai'ea Required: 


3.912 


1< 2 x 0.60 x 0.85 x 0.80 


= 4.79 cm 7 


choose 2< ( 70 x 70 x 7) 

s — - - .— 


[Check of Stresses: 


= 9.40 cm j 


J^42. 


I y = 2 |42.40 + 9.40 (1.97 + 0.50) 


= 199.49 cm 









X 0.85 x 0.80 as 0.224 t/cra 


0:208 t/cm' 


(safe) 


Member (6) 


Equilibrium of Joint (C) 


(1.08+3.6) (1.08+3.6+1.43) 


(1.08+3.6)/2 


(1.00+3.6+1.43)/2 


Check of Stresses 


<50.2* 

Je 

<35.85* 
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7500 


=* 0,139 h/Gtti 


MWM2&. It/cm < f 


SolTution-Tb 
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ac 


V° 8 r.— • = 0.164 t/cm 2 < f 
2 x 11. c 


(safe) 


Member (2) : 

From Section (S^-S^): 

= ° f 2 =2^?Io72oT = - °‘ 844 to „ 


L = L = (3) 2 + (2.5) 2 = 3.91 m. 


L 

y> 


1.5 (3) 2 + (2.5) 2 = 5.865 m. 

. 1 


r.- \ I- 




Stiffness Condition: choose 2 angles back to back. 


. ’. a j 


391 


0.30 x 200 


j 6.5 cm. 


Construction Condition : 

(a- t) i 3 x 1.40 ^ 4.20 cm. 
Area Required: 


0.844 


1< 2 x 0.85 x 0.60 


= 0.827 cm 


choose 2< ( 65 x 65 x 7) 

s - 


‘ A = 8.70 an ’ 












Check of Stresses: 


162.89 

2 x 8.70 = 3 ‘ 06 cm ' i x 


33.40 x 2 
8.70 x 2 


= 1.96 cm 


1QO. 5<> 


y 586.5 
i 3.06 

y 


- _ 7500 ? 

* c-o x 0.85 = 0.16 t/cm . 

(199.50) 


f - 0.84 4 2 

ac 2 x 8.70 = t/cm < f 


Member (3) 


586.5 


the same section as member (2) 


0*055 t/cm < 1.40 x 0.85 


(safe) 
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Ef x = o.o f 4 = - 


3.60 + 


1.08 


= 4.14 ton. 


L = 250 cm 

X 


Ly = 0.75 x 500 = 375 cm. 


choose 21 s No. (8) 
-1----- r - 

Check of Stresses: 


A 


1 [ 



i = 3.014 cm. 

X 


i - 2.36 cm. 

•J 


250 


i 3.104 


= 80.54 


.* = 375 = 


l 2.36 


158.89 


. * _ 7500 _ 9 

. t - -—= x 0.85 = 0.252 t/cm . 

(158.89) 


, _ 4.40 2 

ac 2 x 11.0 - t/cm < f . 


. (safe & economic) 


Member (5) : 

From Section (S -S )s 
__ « 2 




y il|l:i|^V08 \|3.6p] __ 


cos(50.2) = ~ 3 -656 ton, 


L = J~(3) 2 + (2.5) 2 = 3. 


91 m. 













m. 
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L = 391 m- L = 1.5 x 391 = 586.5 cm. 

x . v;,^.;• y ; 

fefness Condition: choose 2 < b.t.b. 


llfci 


;39l 


o.3jox?oq, 

‘ -Vs-'+} 




m 


itruction Condition: 


I" (a- t) t 3 x 1.40 4.20 cm. 


*ea Required: 


3.656 


1< 2x0.60x0.85 


= 3.584 cm . 


ihoose 2< g ( 70 x 70 x 7) £ A^ = 9.40 cm J. 


Check of Stresses: 


I = 2 

y 


j^42. 


40 + 9.4Q (1.97 + 0.50) 2 = 199.49 cm 4 


199.49 
2 x 9.40 


= 3.26 cm. 


l = 

x 


2 x 42.4 
<1 2 x 9.40 


= 2.12 cm. 


x _ 391 

i 2.12 
x 


= 184.43 


_y = 586 .50 = 
i 3.26 

y 


f = 7500 x 0.85 = 0.197 t/cm 2 . 

° (179.91) 


3-656 = 0.195 t/cm 2 (safe) 


ac 2 x 9.40 





















'*013 CHAPTER 1 


Member (6): 


*** F 6 = - 


+ 1.08+3 


2 cos(50.2) 


,6o] 


+ 3.656 ton, 


L = 391 cm. 


t = 586.5 cm. 
y 


choose the same section as member(5) 


« _ 3.656 2 

at “ 2 [9.40 - 0.7 x 1.40] = 0,218 t/cm < 1 * 40 x 0 * 85 

.*. (safe). 


Member (7): 

--— ,11, 

From Section (S -S ): 

2 f x = 0.0 ^assuming that the force value of the diagonals 
are the same one tension and the other compression 


F - ~ I 1 * 08 + 3.6 + 1.43 

cos(38.66) 

'$«! ; v i' :ri*’., ..l. 

1 <»}*• w>.^oK.V,' *.' [ , ,•;•.. • 0 { ••; : ' ' ••:•.• • •"'. • , 4 ' • 

L = (2) 2 + (2.5) 2 = 3.202 m. 


L = 320.2 cm 

■Jk 


L y = 0-75 x 2 x 320.2 = 480.3 cm, 


= - 3.91 ton. 


choose 2 angles ( 70 x 70 x 7) back to back as designed before. 


i 















k<lM 
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(#*08+3*60) (1.08+3.6+1.43) 


0.72 ton. 


(!.O0 + 3.G)/3 


(1.08+3.6+1.43)/2 


as designed before. 
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,2.1 Def initions : 

1 The wind bracing systems will be defined according to their 

(111 

function and their position in space: 

|a) Longitudinal if its plane is parallel to the longitudinal 

[ Mtis af tha building. 

Transversal if its plane is parallel to the shortest 

iimension of the hall (i.e the span). 

/ertical. . 

horizontal (as R.C. slabs). 

Upper’(if its position lies in the upper plane). 

Lower (if its position lies in the lower plane). 

Fig. 2.1. shows the different possible configuration of wind 
ing systems with the corresponding designation. 


Upper 


T.W.B. 


_ Upper 

j Long. W.B. 


Vertical 
’.W.B. 


Vertical 
Long. W.B. 


CHAPTER 2 


WIND BRACING SYSTEMS OF HALLS 





































If the main structure is composed of two parallel chords, 
generally a lower horizontal transversal wind bracing is needed. 


2.2 General Consideration Concernin g the Stability of Halls: 

By definition a hall is a structure which envelops an 
occupied volume. 


Upper | 

Transversal 
W.B. ! 


Occupied 

Volume 


Longitudinal 
Vertical — 
W.B. 




i Transversal 
[ Wind Loads 


Fig. 2.2 


In order to assure the stability of the structure three 

different situations are to be considered: 

(a) The transversal instability created by the transversal win d 
action: - generally, the main structure is rigidly connected 
(i. e. connections B, C, D, F and G are rigid) , which 
allows the structure to resist the transversal wind loads 
transmitting the corresponding reaction to the soil at A, 
E and H (Fig. 2.2). 

(b) If A, B, C, D, E, F, G and H are flexible connections (i.e. 

■ hinges) the structure becomes unstable in the transversal 

direction. For such a situation the structure is to be 

braced in the transverse direction (see section 2.3). 

(c) The longitudinal instability created by the longitudina l 
wind action :- in order to transmit these wind loads to the 
soil an upper transversal wind bracing is needed as well as 
a longitudinal vertical bracing. 
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f (d)If the structure is provided with a crane track girder the 
I forces of the lateral shock as well as the braking force 

It.. are to bev transmitted to the soil by special wind bracing 

|p : system (s§e section 2.5). 

R Fig. 2.3. illustrates the main definition of the different 
E|ructural elements utilized in the following sections: (Refer 
|||d example 2.1). 

End Gable (I) 




mm* wmwzmv i 




:>1 

« 


111 




(1) End Gable 
(3) Roof. 

(5) Purlins. 

(7) Column-Truss Frame. 


End Gable (il) 


(2) Longitudinal Side. 
(4) Side Purlin. 

(6) Strut. 

(8) Door. 


(9) Vertical Longitudinal. W.B. (10) Upper Transversal W.B. 
(11) Vertical Transversal. W.B. 


Fig. 2.3 
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i itudinal wind. -bracing. The main disadvantage of this 
ctural system is the relatively increased weight of steel 
ized for the end gables. 

rnative (B) : 

he structural system of the end gable may be chosen composed 
ntermediate vertical columns hinged at both ends. The upper 
ed ends of these columns will be attached to a horizontal 
inuoua girder. Intermediate girder** throughout the height or 
columns will divide th<*,end gable to a mesh of orthogonal 
ctural elements as shown in Fig.2.5. 

is structural system is not capable to overcome the 
sversal wind loads. The induced deformation being great, the 
cture becomes unstable. 

| I-Great 

I Deformation 


TransyersaJL 

Wind 



I Fig. 2.5 End Gable of Case (B). 

|i ' ‘ ! 

I In order to get a stable position two different solutions are 

/< 

possible: 
gist Solution : 

1 The end gable can be braced in its plane by a vertical 
||ransversal end gable bracing as shown in Fig. 2.3. by the 
Structural element "11". Fig. 2.6, illustrates the use of a 
llartial vertical transversal end gable bracing system. 











Transversal 
End Gable 
Bracing 



: ! | Fig. 2.6 | st Solution. 

2nd Solution : 

In this solution no additional bracing is provided. The upper 
horizontal wind bracing as well as the two vertical longitudinal 
wind bracing will be utilized to ensure the stability of the end 
gable shown in Fig. 2.7.a. 





(a) End Gable Structural 
System. 


Last 

Column-Truss 
Frames 


I 


(c) Last Column-Truss 
Frame. 



Upper Transversal L End Cable V- Vertical n .. . 

Horizontal V, B. Longitudinal W. B. Vertical 

Longitudinal W. B 


Fig. 2.7 2 Solution. 
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I B The force H acting in the plane of the end gable will be 
I displaced to the plane of the last column-truss frame by a force 
|f'H of opposite sense and a couple (H.a). This force H will be 
| ! resisted by the last column-truss frame as shown in Fig. 2.7.c 
| while the couple will be replaced by two forces L = (H.a)/S 

ft These forces "L" are resisted by the two vertical longitudinal 

P f- 

I wind bracing as shown in Fig. 2.7.d ( Refer to Example 2.2 ). 

I 2.4. Stability of additional coluimia till fitted In Lho 

I longitu dinal side of the building : 

If the spacing between the main frames is relatively great, 
| intermediate vertical columns can be used as shown in Fig.2.8. 

5 

These columns being hinged at both ends are unstable unless an 
additional horizontal longitudinal upper wind bracing is added to 
the structural system . 

The diagonal members shown dotted in Fig. 2.8.a are to be 
provided. 


Upper Transversal ! 

Vf. B. Spacing __ Aditionai Upper 

P 2| /~P 2 f P 2f if] 1 P 2 ) W - B ■ 


■;—— 

/ \ 

s/_. ... _\ 

"'~~A ■ 

/ \ 

✓ V 

—? 
/' 

/ 

^- 

\ 

\ 

77T 

/ N 




























‘ 



\ / 

-V-: 

\ / 

\ / 

-^-: 

\ 

\ 

-^ 

/ 

/ 

\.... / 

\ / 

-^-: 


Pi Transversal H 
Wind Load 


(a) 

Configuration 


Purlins 


Rigid Frames 


jntermediate 

Columns 



P 1 or P 2 


(b) 

Panel of W.B. 



Pressure 


(c) * 

Rigid Frame 


Fig. 2.8. 
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plate must be attached to the upper flange of the I crane track 
girder section in order to increase its inertia about the (y--y) 
axis This procedure is convenient for crane loads of moderate 
values. While for heavy crane loads one of alternatives (2) and 
(3) may be chosen. 


ly 


p 


:HJr 




II 




T 


A-'- 

Spacing 


\ f_ 

—,— 

s 


| 

i 

i 

i 

f H/ H/ 



s 



H (Lateral Shock) 


A" “Bracket 


(b) 


(a) 

$nd. alternative : 


Fig. 2.9 


For heavy crane loads, the idea is to decrease the span of the 

|||ane track girder regarding the induced moment about the ( y-y) 

^is by using an additional longitudinal crane track girder 

icing as shown in Fig. 2.10.a. This additional bracing isa 

iss structural system composed of two parallel chords: one being 
■ (111 
gupper flange of the crane-track-girder(4), the other is an 

.Jv ; -' 

jitional chord truss member (6) of angles section attached to 
^vertical columns (1) at its two ends by flexible connections. 

>these connections are elastic supports inducing the 
ip Fig* 2.10.a. For this configuration it 
to compute the moment about the (y-y) 
I^Wing the span equal to "S/4" which means that this 
^^|^®H^rease||cpnsiderably. The vertical members being 













omitted for the additional bracing system, the two-ad jacent 
vertical columns will only be responsable to resist the force “H" 
This-: means tha^-for. Jthe dimensioning of the steel rigid frames the 
whole force^VH" will be acting horizontally at the bracket 
location. 

Informed Position Initial Position 



Solution (11 Solution (2 


j Solution (3) 

Layout 





(1) Main Frames. 

(2) Purlin. 

(3) Bracket. 

(4) Crane track Girder. 

(5) Crane Girder. 

(6) Horizontal Longitudinal 
Crane Track Girder Bracing. 


stormed PositionX Initial Position 


H is taken totally by One Column. 


Statical System 


Fig. 2.10 


3rd, alternative : 

Fig. 2.10.b, illustrates another configuration of a 

longitudinal crane track-girder-bracing with additional vertical 
members . The truss system is more rigid and consequently the 
induced deformation <5 is less than <5 .The moment about the (y-y) 
axis is to be computed considering the span equal to "S/3". On the 
other hand, the rigidity of the bracing system tends to force 

















CHAPTER 2 


three consecutive columns to resist the horizontal force "H", 
hence it will be of good practice, for the dimensioning of the 
steel rigid frames to consider 70 percent only 'of the force "H" 
acting horizontally at the bracket location. This configuration 
has the double advantage that of the decreased induced moments for 
both the frames and crane track girder this will lead to save the 
weight of required steel . 

2 ,^. 7 . Tim long l t.u <lXnai iitabllll.yr 

Foir a sudden stop, the crane girder induces a horizontal 
longitudinal braking iforce "B.F." equal to 1/7 of the total 
vertical crane moving loads. In order to ensure the transmission 
of the braking "B.F.". to the foundations, one of the following 
three-alternatives may be chosen : - 

IX 



(Hi 


n B - F 

hM 

MtT 


Qx — B.F 

Mt = B.F(e+ij£) 

Beam—Column 



M y = (B.F) e 



B.F 


Q x = B.F 
M y = (B.F) e 


!M t =(B.F)(h 1 +h 2 /2)iM t =(B.F)(h 1 +h 2 /2) 

L Bracket Sec, i Fillet Weld 
Fig. 2.11 
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Alternative ”1*' : 

If the vertical moving loads are moderate, the braking force 
B.F. can be transmitted-directly to the vertical column of the 
rigid frames via the different structural elements composing the 
steel bracket. Depending on the structural component under 
consideration the braking force B.F. will induce either a moment 
about the Cy-y) axis or anda torsional moment as shown in Fig. 
? 11 Thp dIro B f.pJ„„l,, B nr 1.1,0 a tool olamonlo Is presonled 
in chapter 8of volume III. 

Alternative "2" ; 

If the vertical moving loads are important, an additional 
vertical longitudinal bracing "7" can be utilized as shown in 
Fig. 2.12.a. The plane of this bracing must be in the vertical 
plane of the web crane track-girder section in order to avoid 
any eccentricity. While the function of the vertical 
longitudinal bracing "5" will be only the transmission of the 

transversal wind loads reactions and R L to the soil as shown 
in Fig. 2. 12.a. 


Alternative ”3 ”: 

If an additional crane-track-girder bracing "6" is utilized to 
transmit the lateral shock force "H" to the foundation, we can 
make use of this bracing to transmit also the braking force B.F. 
to the soil via the vertical longitudinal wind bracing "5" as 
shown in Fig. 2.12.b. ( Refer to Example 2.4 ). 

2 ' 6 Wind Bracing of Roof Truss Hall s: 

Trusses were the first type of structures used in steel 
constructions. Dead loads, superimposed loads, as well as 
transversal.wind loads are resisted by the truss itself a£d then 
are transmitted to the soil via vertical brick walls or 










7i 


Elevation 



Solution (2)j Solution (3) 


PUN 


(1) Main Structural Element. 

(2) Track of Crane. 

(3) Crane Girder. 

(4) Upper & Lower T.W.B. 

(5) Vertical Long. W.B, 

(6) Horizontal Braking 
Bracing. 

(7) Vertical Braking. 

Bracing. 



Fig. 2.12 Alternatives (2) & (3) 
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reinforced concrete columns. Only the longitudinal stability of 
these trusses is to be ensured by wind bracing systems. Fig.2.13 
shows a typical roof truss structure. 


As a general rule the longitudinal stability of roof trusses 
is ensured using: an upper transversal wind bracing, a lower 
transversal wind bracing and vertical longitudinal wind 
bracing systemr; as shown In Fig. 2.13 . However' the choice 
<w the requir ed bracing systems depends on tire geometrical 





' j— i—■ i 


Elevetion 


(1) Brick Wall. 

(2) Trusses. 

(3) Purlins. 

(4) Upper T./.B. 

(5) Lower T.W.B. 

Side View 

Fig. 2.13 

configuration of the roof truss, the spacing between steel 
trusses and the distance between the support (i.ed the span of 
the roof truss). 
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Fig. 2.14, illustrates a possible arrangement of wind, bracing 
|for a pitched roof truss as well as the path of forces to the 
moil. Assuming wind loadsof intensity q(t/m ) acting in the 
i*ansversal direction (i.e. normal to the plane of the truss), the 
per transversal wind bracing (U.T.W.B.), the lower transversal 
gtnd bracing (L.T.W.B. ) as well as the soil will share the applied 
|ind loads proportional to the corresponding exposed areas. This 
ftsme that the U.T.W.B. will be subjected to the concentrated wind 


uo 


P , P , 

ul u2 


P . For simplicity we can assume that 
u4 


|pe upper concentrated wind loads are of equal magnitude. 
I This means that: 




(0.8q) X i (i X 8 a X h ) ...(a) 

Z 4 


4 * 

Equal joint load Wind intensity on Exposed-area co rresponding 

vertical surface to the U.T.W.B. 


Hence the reaction of the upper wind loads "R ” can be computed: 


R = 4 p 

u u 


(b) 


These reactions will be transmitted directly to the left-and 
right supports and then to the soil via the vertical walls. 


Similarly the lower 
calculated i.e. : 


concentrated wind loads can be 


P = 


X (0.8q) X 


Exposed Area 
-_ 


1 1 

^ (^.8 a.h + h 
2 2 4 c 


8 a) 


. (c) 


and then compute the reaction "R " as follows: 
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jIckI ttlipoi t 




R.C. 

Footing 


8a 

he 

R.C. / 


Column 






r l =4P l 


Rl =4P l I 


General Layout 


L.W.B. 

Path of Wind Loads To Soil 


Wind 

Loads 


Panel Points of 
U.T.W.B. 


Panel Points of 
L.T.W.B. 


Left & Right Steel 
Supports. 


R.C. Columns 


R.C. Footings 


Soil 


Fig. 2.14 
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R = 4P 

L L 


(d) 


Fig. 2.15 shows a different arrangement of a wind bracing 
Isystem for the pitched roof truss. A vertical 'longitudinal wind 
bracing (V.L.W.B) is utilized at mid span of the steel truss, 
jin fact the exact transmission of the transversal wind load must 
consider the "V.L.W.B" ; as an elastic support while the brick 
WolJa (or U»o uoMurolo columns) na rigid tjupjHn ■ {. a. | ; ur 

simplicity the V.L.W.B. can be assumed to be a rigid support 
that transmits half the upper concentrated wind loads (2R = 4 

u 

to the lower transversal wind bracing. The upper edge 

reactions are transmitted directly to the walls. It is to be 
observed that the lower wind bracing will transmit in addition 
to (R l = 4P l ), the reaction "R^” transmitted via the V.L.W.B. The 
computation of P^and P^will follow equation (a) and (c). 

Fig. 2.16 illustrates a roof truss with parallel chords. To 

ensure the longitudinal stability two vertical longitudinal 

bracing are provided at both ends. These V.L.W.B. will transmit 

directly the reactions of the upper concentrated wind loads (R } 

u 

to the corresponding wall. The calculation of "P " and "P " is' 

U L 

as given below: 


P u = (0.8q) . . a) 


P L = (0. 8q). (| + .2a 


(e) 

(f) 


Figs.2.17. and 2.18. illustrate two configurations of semi- 
pitched roof trusses. Additional vertical longitudinal wind 
bracing are provided and are assumed to behave as rigid 
supports. To avoid repetition the corresponding bracing systems 
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as well as the path of wind loads to the soil are as shown in 
Figs. 2.17 and 2.18. ( Refer to Example 2.5 ). 

2.7. Wind Bracing Systems of Rigid Frame Halls : 

Figs. 2.19, 2.20, and 2.21, illustrate different column*-truss 
frames with the corresponding wind bracing systems. Calculation 
of wind loads, as well as their path till the soil is shown in 
the corresponding figures. 

To be noted that for the case where a crane track girder 
exists, no special bracing have been provided, the crane is 
assumed to be of small capacity. The additional moments induced 
due to the eccentricities have been neglected. Otherwise 
additional bracing are to be utilized as has been previously 
outlined in section 2.5. 

Figs. 2.22 and 2.23, illustrate the wind bracing systems for 
two rigid frame structures. An upper and two vertical 
longitudinal bracing are provided to ensure the longitudinal 
stability. 

All the treated cases in this section are stable in their 
transversal direction the different structural elements being 
rigidly connected together. The different frame structures 
are capable to resist the horizontal transversal loads. The base 
connections are either hinges or fixations depending on the 
properties of the soil. 

The end gables are chosen typically as the main structural 
system (i.e. either column-truss or rigid frames), stable in the 
transverse direction and hence no additional bracing are needed. 


























































































3 [(hj/2 x 6a) + (hg/2 x 6a)]x0.8q 


Path of Wind Loads To Soil 
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2.8 Transversal Instability of Hinged Structures: 


It is defined by hinged structures, those steel structures 
composed of trusses or girders attached to vertical columns by 
flexible connections (i.e. hinges) as shown in Figs. 2.24.b & c. 

i I 

The base connections of the vertical columns are also hinges. 


This type of structures are unstable in both the transversal 

ami Hip I uiig 1 I h<1 I j ja I ilii ni I. i<ma an«l hom ■■»- ai o In ba 

provided. 


I^A (S 


(a) PLAN 


-® 


(1) Main Frame. 

(2) Vertical Long. W.B. 

(3) Upper Trans. W.B. 

(4) Lower Trans. W.B. 

(5) Vertical Trans. W.B. 

(6) Upper Long. W.B. 



(b) Sec. B-B 



Rigid 




(c) Sec. B-B 

Fig. 2.24 


(d) ELEVATION A-A 


Figs. 2.24.a & d illustrate the different required bracing 
lystems where the function of each system is as given below: 
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1(a) An upper transversal W.B. "3" and two vertical 
longitudinal W.B. "2" to ensure the longitudinal stability. 
| (b) An upper longitudinal W.B. "6"and two vertical transversal 
end gable bracing "5" to ensure the transversal stability. 


Fig. 2.25 shows other possible arrangements of wind bracing 

II': 

I;--systems. It is to be noticed that the use of these hinged 
structures is to be limited for small span of relatively light. 

nj<j. 1 J < > I 1 «*•::»« 1 n 




-Vertical Bracing 



2 - 9 Wind Bracing of Saw-Tooth Structure s: 

12.9.1 Description of Saw-Tooth Structures : # 

r Saw-tooth structures are special structures used generally 
jinside the industrial zones. A saw-tooth is composed of a face 
Ifither verti cal or inclined to the horizontal by 60°covered by 
glazing, the other face being covered by one of the usual 
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covering materials (steel corrugated sheets, sandwich type, 
etc.) The main advantage of this type of structures is that we 
can obtain an excellent uniform lighting where glazing must be 
oriented to the north as shown in Fig. 2.26. The saw-tooth 
structural systems allow to use span ranging from 15 to 40 ms, 
the main structural system being either a column-truss frame or 
a rigid frame. 



PLAN 



North 


(1) Glazing. 

(2) Gutter. 

(3) Lighting. 

(4) Covering Material. 



ELEVATION (l) 


ELEVATION (2) 


Fig. 2.26 

2.9.2 Stability of the Main Transversal Structural System: 


The problem of stability with respect to horizontal loads 
follows the same basis mentioned in the previous sections. Apart 
the stability of the shed itself which will be discussed in the 
following sections, transversal stability is maintained by the 
column-truss frame or the rigid frame itself where the rigid 
connections can ensure the transmission of the transversal wind 


loads to the soil. The longitudinal stability is ensured by 










a ft 


using an upper, a lower transversal as well as two vertical 
longitudinal wind bracings. If a rigid frame of multiple bays is 
utilized in the longitudinal direction at both sides, the 
two vertical longitudinal bracings can be omitted. 

2.9.3. Stability of the S aw-Tooth Str ucture (shed structure): 

In order to ensure the longitudinal and transversal 
stability of the saw-tooth structural element itself, let us 

• «> 11 ci «I r. i 1 I > <V t a rjo i * l I ! i <1 I mi if.* i I i n I i 11;> I u i ml o [ [ ci l nlioun in 

Fig. 2.27. i 




s/// 

R 

) 

* 


Depression (Suction) 
limit Layer 



(e) Wind Forces 


Fig. 2.27 
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As shown in Fig. 2.27, all saw-tooth elements will be 

subjected to suction. The forces F and F are computed as 

1 2 

follows: 



where S = the spacing between the saw-tooth sheds. 

P » C .k.q ( See Section 1.5.2 ). 

e e 


The resultant F of the forces F and F can be replaced 

by the two components F and F as shown in Fig. 2.27.e. 

1 2 

. / 

The force being vertical, hence the column-truss framescan 

transmit these forces to the soil in addition to the dead and 

/ 

superimposed in-plarie loads. While the forces F^ being acting 
inthe inclined plane (i.e. out-of-plane of the column-truss 
frames), thus additional structural systems are to be provided to 
transmit these forces to the soil. The different possible 
structural configurations of these additional systems are 
presented in the following sections: 

Fig. 2.28,illustrates a saw-tooth structure where the first 
panel is only braced vertically in the longitudinal direction. 
Unfortunately this bracing is not capable to maintain the 
longitudinal stability where the deformation at the end panel is 
considerably great and creates an unstable position as shown by 
the dotted deformed shape in Fig. 2.28. 




Fig. 2.28 
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(a 


A1ternative "1”: 


Tne use of an upper transversal braci ng at each shed: 

In order to ensure the longitudinal stability of the saw-tooth 
structural elements, a transversal Saw-tooth bracing(3) at each 
shed can be utilized. These additional bracings are composed of 

the following (see Fig. 2.29 and the corresponding perspective 
of Fig. 2.30): 

(a) Two parallel chords which are the upper and the lower truest* 
chords of two consecutive column-truss frames. 

(b) Vertical members which are the saw-tooth structural beam 
{ elements.. 

(c) Additional crossing diagonals. 



Cl) Saw-Tooth Structural 
element (Beams). 

(2) Column-Truss Frame. 

(3) Upper Transversal saw- 
Tooth W.B. 

(4) Longitudinal Side 
Strut 

(5) Lower Horizontal 
Transversal W.B. 

(6) Vertical Longitudinal 
W.B. 












Fig. 2.30 
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I The forces F ^ are concentrated loads acting at the panel 
ints of the saw-tooth transversal wind bracing (3) and are 
ting in its plane. Flexure of these bracing will induce axial 
rces either tension or compression in the different bracing 
nbers. At the two sides, two longitudinal horizontal struts (4) 
tached to these bracing by flexible connections will transmit 
@ horizontal eewpenant of tho inaUnod. reaction to the strut 
[ e ‘ 2 f 2 Cos0). While the vertical components £F 2 SING will be 
ansmitted to the soil via the beam columns of the column-truss 
anes C2). The two vertical longitudinal wind bracing (6)will 
ire equally the applied forces £ COS0 induced by the 

lgitudinal horizontal strut and then transmit them to the soil. 

2.31, illustrate the path of forces from one structural 
rnent to the other till the soil. 

fig. 2.32, shows a study case of a wind right action where 
the saw-tooth sheds are subjected to suction except the 
lined face of the first right saw-tooth which will be 
jected to a pressure. For the computation of the forces 
iced in the different structural elements it is assumed that 
the saw-tooth structures are subjected to the full wind 
| —nsity. This assumption is conservative where in the E.C.P. 

a " 9)- Cl3USe 1 - 12 ’ U is flowed to consider one half the 
T intensity of wind received by the intermediate saw-tooth sheds 

( WhUe ° nly the first and last ones are assumed to receive the 
.full intensity of wind. However it is to be observed that the 

: induced forces due to wind action are relatively small and hence 
the slenderness ratio limitation generally governs the design. 


The wind forces F F 

r 2" * - 


following notation 


etc can be computed using the 







Path of Wind Loads on The Saw-Tooth 
Structural Elements 
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2Fo \ 


llppnr <V Lower FniL* Of 
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— 6F 2 cos0= ZF 2 cos0 
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( Left Sc Right ) (6) 


i 


Base Connection of Vertical 
Longitudinal Wind Bracing 
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Fig. 2.31 Alternative ”1 
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(c) Wind Forces on Side Struts 

Fig. 2.32 
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ie spacing between the main column-truss frames, 
le spacing between the saw-tooth sheds. 

inc lination of the saw-tooth shed (beam element ...) 
■e clear height of the column-truss frames. 

ie height °f the saw-tooth sheds = S tan 0 
ie intensity of wind. 


r; f-O.Sq) . h . S 


, ~ ( O *>., ) 


i > 1 I 1 i ) 


iP — _ f p % 2 

3 2 e * q * S 2 ~ Compute C from curve below; 


< tane <0.8 Use pressure and suction simultanously 
Ce i 



06 tan< 


A 2 


§ CO.Sq) • h . S 2 ; F s = l C-O.Sq) . h . S 

1 c 


l. 2.32.b, shows the triangle of forces at "B" where I 

can be computed. Similarly ’Vand F " can be determine 
3 triangle of force at "A" 

• 2.32.C, illustrates the total force induced in th 

iinal horizontal side struts ”F " 

s 

/ 

F = n (6 F cos 0) 

n = 4 intermediate bays, the edge bays being excluded. 

























2.33-a,2>,c and d shw in detail tbs golfed 
&£&$ £ercez ws fbe xisclijsed transversal saa^-tooth cs-scing y 

lower transversal V.B, the right lower transversal V.B. an 


the left 


and right vertical longitudinal wind 


respectively. The forces in the bracing members can be e 


computed and then designed as has been outlined in chapter 1 


kk 


Figs. 2.33.e and f show the resulting wind forces on an 
intermediate column-truss frame and the right end gable 
respectively . ( Refer to Example 2.8 ). 


(b) Alternative "2" The use of tie rods at each shed and two 
horizontal transversal wind bracing at the edges : < 

This concept consists to use horizontal tie rods attached to 
both the saw - tooth beam elements and the lower panel joints of 


(1) Saw-tooth : Structural 
Beam Element. 

(2) Tie Rods. 

(3) Upper Transversal 
Bracing. 

(4) Lower Horizontal 
Transversal Bracing. 

(5) Vertical Longitudinal 
Bracing. 

(6) Column—Truss Frames. 



A - 

Fig. 2.34 




A 


B - B 











Fig. 2.35 
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the column ~ truss frames as shown in Fig. 2,34 and 2.35, The two 

/ 

concentrated loads F applied at the upper and lower ends of the 

2 

saw-tooth beam elements are transmitted to the lower ends of the 

saw-tooth beam elements via the saw-tooth elements themselves. The 

/ 

vertical component 2 sin 0 are transmited to the soil via the 

lower panel joints of the column-truss frames. while the 

/ 

horizontal components 2 F 2 cos 0 of the whole structure are 
j.i anatfil llmi to tlif» pane? I jo in I, a of tin? two horizontal transvoroftl 
wind braaing at the two ends and then to the soil via the four 
vertical longitudinal wind bracing. 

Fig. 2.36, illustrates the path of wind loads from one 
structural element to the other. 

Fig. 2.37, shows the applied wind forces applied on the 
different structural wind bracing systems. The computation of 


the forces / F l , 'F^ , F^* F 3 » 

exactly the previous section. 


and F will follow 
s 


Fig. 2.37.b, shows the force applied on the tie rods. If only 
one horizontal transversal wind bracing is utilized, the tie rod 
must be dimensioned to transmit the following total forces F 

F = n.A; / :..... (d) 

cx, y^t :• tie ■ !/■• ... 

t*. •• >. V;*-/ A C. T . . ■ *. 

... . , ^ % ... 

where, A $ cos0, n = 4v =i the number of intermediate bays. On 
the other fh^tnd if two horizontal transversal wind bracing are 
provided both bracing systems will share equally the force'll 

i ■ 

induced in the tie. 

Figs. 2.37.c,d,e,f and g show the applied wind loads on the 
different bracing systems as well as the intermediate 
column-truss frame and the right end gable. The notation A ,B,C 
and D are as given below: 


A = 2F cosO 


A = F + 2 F sin0 


1 

I 










hhi Loaos co. Ttie Saw-T 
Structural Elements 


2f; \ 


Upper and Lower Joints 
Column-Truss Frames 



sinG 


Upper Joints 
^Column -Truss Frames 


Base Connection of 
Column-Truss Frames 


Soil 


2F Z \ 



Upper & Lower Ends Of 
Each Saw-Tooth Structural 

__ Honni Element 

By Continuity 

I Flexible Connections 
connecting Saw-Tooth Beam 
To Horizontal Tie Roads and 
Lower Joints of Column- 
Truss Frames 


I 2F 2 sinG *t 2F ? cos9 


i 

i 


2F 2 cos0 

Hinged Ends of Horizontal 
____ Tie Rods 

£F 2 cos0 -— 

Inside Joints of Horizontal 
Transversal Wind Bracing 
L_ ( Left 6c Right ) 

SFgCosG -— 

Vertical Longitudinal W.B. 

( Left 8c Right ) * 

ZZZZZIIIZII~ 

Base Connections of Vertical 
Longitudinal Wind Bracing 
( Left 8c Right ) 


Fig* 2.36 Alternative " 2 " 
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aiAi'tm 2 




B = F + F sine + F cos0 

4 3 ,2 


c = 


D = 


F + F 
i s 


F 2 sine 


F cose 
3 


( Refer to Example 2.9) 

l 

yAS Ci s Saw^Teeth Truaa Systems ! 

Cii the two previous configurations the Saw-tooth shed was 

||; a beam special arrangements where needed to 

! the longitudinalcstabi1ity, 






hile if the Say-too.ith; sheds are chosen trusses as shown in 
2.38,b, these trusses can transmit the longitudinal wind 

,; - t0 the ilnd'fbr^ing{4) via the lower 
s of the the trusses (2) and then to the soil via the 
cal longitudinal wind bracing ( 5 ) 

ig. 2.38.c, illustrates the applied loads due to a right 
action considering an intermediate Saw-tooth truss. It can 
.oticed that the truss system is twice statically 
srmxnate where the line of action of the induced reaction R 


-allel to the inclined saw-tooth shed roof 
'2 are com Puted as in configuration "1". 

‘ method or an ^ othe »- theorem, the reactions 


The forces F 

1 

Applying the 

x -’ VV Y 2 


*3 Can be C ° mpUted - Similarly the induced reactions for 
■he left and right edge Saw-tooth trusses can be determined, 
ummation of the reactions at joints ” 1 " and "2" are 

dtted to horizontal transversal wind bracing "4" by the 
oth trusses themselves. 

nee the last Saw-tooth truss is to be dimensioned on the 

d wind loads and the summation of the horizontal 

ons X and X . 

12 
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Si 
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(b) Diagram of Induced Reactions 


C C C C C C/2 


D D D D D 

03X z +2Xi 
D=Xi +F S 

(c) Left Horizontal 
Transversal W.B. 





B= 2 Xi + 2 X 2 +Xj 


(d) Right Horizontal 
Transversal W.B. 


Fig. 2.39.1 
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Fig.2.39.1.b shows the diagram of the induced reaction to be 
transmitted to the vertical longitudinal wind bracing via the 
lower horizontal transversal wind bracing.Figs.2.39.l.c & 
d, lllustratethe loads applied on the horizontal transversal wind 
braclrf|g|fhore the induced maximum diagonal force can be computed 

fff 0, 2.^9.2. a, b, c, and d show the induced forces on an 
mwiMiteie eolumn-truss frame, the right end gable and the two |f 

ve rti|aj,longitudinal wind bracing respectively. ( Refer toll 
Example 2.10. ). :|||| 


F/2 F F F F F F/2 




3D 


3C 




(c) Left Vertical L.W.B. (d) Right Vertical L.W.B. 


...."ffTTrs 1 '' T 


Fig. 2.39.2 
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( d ) Alternative "4": The Saw-tooth shed is a three hinged 
frame: 

Fig. 2.40.a, illustrates the elevation of the long side of a 
structure composed of three - hinged frames Saw-tooth structural 
elements. These three - hinged frames rest on rigid frames in 
the transversal direction either hinged or fixed at the bases. 
To ensure the longitudinal stability of the Saw-tooth sheds two 
transversal Saw-tooth wind bracings are provided on the inclined 
faces of these sheds. 

/ 

Fig. 2.40.b, shows the applied wind forces F 3 , F ? on the 
transversal wind bracing of the face covered by corrugated 
steel sheets where: 


F i = \ ( ~ 0 - 5 q) :s 2- s i Cos30 ° 


3 = | [C e . q ].S 2 .S 1 Cos30° 

is to be chosen £rom chart of section 1.5.1 
according to tan0 

= — (-0.5 *l)*?2*hf 


(e) 


file F can be <computed 'from I the corresponding triangle of 
Ifrces as shown in-Fig. 2.41. 

ililarly. Fig. j;*2440.c, shows the applied wind forces F^, and 
on the transversal wind bracing of the glazing face where: 


}■ = | (“0.5q).S 2 .S 1 .sin 30 c 


|F 4 = ~ (0.8q).S 2 .h r 


. . . . (f) 


?While F can be computed from the corresponding triangle of 
forces as shown in Fig. 2.41.a. 
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Once the wind forces are computed, the most stressed diagonal 
member in each transversal Saw-tooth V.B can be computed and 
then designed. 

The horizontal components of the reaction of the transversal 
bracing will be transmitted to the two side longitudinal struts 

(i.e, 12 F^con 30° ~ 17 F^gob f»0°), 

On the other IJiand the vertical components of the reactions 
are transmitted to the vertical beam-columns of the main rigid 
frames as shown in Fig. 2.41.b. 

Figs. 2.41.c and d, illustrate the induced wind forces on the 
right and left end gables respectively. For simplicity it can be 
assumed that the vertical longitudinal wind bracing are sharing? 
the force?induced in the strut as shown in Fig. 2.41.e. Referri 

to Fig. 2J.41.e^ the notation A,B,C and D are as given below: 

■ ....... 

•' V; &--■ ■■■■'' 

A = la Wpib + 3(F 1 -F 3 )cos 60 - 12 F 2 cos 30 
B = 3 (F#t#Fi)cos 30 

: ^ ;'-v. ^ 

C = 12 F^cos 60 - 18 F 2 cos 30 

- 

D = 3 (F 1 -F^)cos 60 
( Refer to Example 2.12). 

(e) Alternative ”5": The Saw-tooth shed is a two hinged frame : 

Fig. 2.42, shows the configuration of a Saw-tooth structural 
system composed of two-hinged frames. The longitudinal 
stability is ensured by tie rods that transmit the horizontal 
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reactions of i,hp .hinged supports to two horizontal transversal 
wind bracing, ,then to the soil via the vertical longitudinal 

bracing. i ' 

• t V u ’■ ' ‘ v ' . : : 

<:-?v• ••:'*;• i;<V‘i \ \ 

v;'' ' ’. ' ...... •••■• 

On the other hand part of the transversal wind loads (A) are 
transmitted to the rigid main frames via the upper longitudinal 
Saw-tooth wind bracing. While the remaining part (B) is 
transmitted te the euU Via the rigid Trainee themselves. 

Fig. 2.43, illustrates the transmission of the transversal 
wind loads where part "B" is transmitted to the soil via the 
beam-columns of the rigid frames as follows: 

W = (0.8 q).S i 

While part "A" will transmitted to the upper longitudinal wind 
bracing by the concentrated loads P^Pg.Pg and p 4 - These loads 
are computed as follows: 


p = i ,(0.8 q). (h/2tan 60). 0^/2) 

h h y 

P, =f(°- 8 q)- tL> ' 6 0 M i h 2 } * ( 4~tiH30 ) - ( 8 h 2 ) 


P 3 " C0 - 8 q) ' l 2tan30 


). (-§-). ; P 4 = \ -(0.8 q). ( 


_ 1 _). (—£) 

4 tan 30 4 


V V V P 2 + p 3 + P 4 

Hence, the reaction ^ and R 2 are determined. These reaction 
are transmitted to the soil via the rigid frames as shown m 
Fig. 2.43.b. ( Refer to Example 2.12 ). 
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Ra R, 


I w 



r 2 | ir, 



(b) Rigid ; Frame 

R 2 I 

A — 
r 1+ r 2 = 

V Sj-haJCO-Sq) 


II; I II i I I 

3 aS** p < 11 * ; 1 

’'4& : r ^ ■ '• - • ■■ : ■■■ 

^ (a) Longitudinal W.B. 

Fig. 2.43 


I p) Other Configurations : 

Different configurations of Saw-tooth structures are 
mailable. Figs. 2.44 (a), (b) and (c), illustrate structural 
^sterns where the saw-tooth is composed either of three hinged 
rames, two hinged frames with or without tie-rods (see Fig. 

, 44.f). Concerning the longitudinal stability of the two 
Lnged Saw - tooth frames, the wind loads are transmitted 

Lrectly to the transversal rigid frames. These frames are 

isigned to resist both the in-plane and the out-of-plane loads 
|U.e. and M^). Concerning the transversal stability, an upper 
Jlongitudinal Saw-tooth bracing will transmit, a portion of the 

fetransversal wind loads to the rigid frames, while the other 





























(1) Transversal frames 

(2) Secondary Trusses. 

(Il) l*ui lino 

(4) Glazing. 

(5) Saw-Tooth Bracing. 


(b)&(c) 

(1) Saw-Tooth Sheds. 

(2) Rigid Frames. 

(3) Purlins. 

(4) Saw-Tooth Bracing. 


(dW) 

(1) Rigid Frames. 

(2) Secondary Trusses. 

(3) Purlins. 

(4) Glazing. 

(5) Saw-Tooth Bracing. 




with or without 
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rtion is transmitted to the soil via the beam-columns of the 
in rigid frames themselves 

/ The horizontal girders of the rigid frames (main structural 
lements) shown in Fig. 2.44-d, may be replaced by gutters 
bmposed of cold formed sections as shown in Fig. 2.44.e. These 
gutters are capable to resist the applied wind loads as well as 
evacuating the water to the drainage pipe system. 

2,10 Stability of Long-Span Structures: 


2.10.1 Different Long-Span Structural Systems 


It becomes possible in recent years to choose structural 

Jsystems whose span exceeds 40 meters without intermediate 

[V,.. 

(columns. There exists actually long-span structures whose span 
is ranging from 100 to 200 ms. The applications of such 
structures are: manifestation and exhibition halls, stadiums, 
supermarkets, some industrial halls and hangars. IJangars possess 
the particularity , that one of the four sides must consist an 
opening on the whole surface. These hangars are of huge 
dimensions and will be discussed in the following sections. 

Long-span structures require special structural systems 

| which are given in the following: 

|(a) PERPENDICULAR GRID system of beams. (Fig. 2.45.a) 

I; 

| (b) Inclined grid system of beams. (Fig. 2,45.b) 

Jj» 

1(c) Space trusses. (Fig. 2.45.c) 

jjfj 

|(d) Ribbed and hooped domes (Fig. 2.45.d) 

§ : 

I (e) Folded plate roof either with solid or with trussed plates 
(Fig. 2.45.e). 

(f) Orthotropic plates, (Fig. 2.45.f). 

) Cabled planar systems either completely separated, or 
ntersecting at mid span or meeting at supports. (Fig. 

45.g). 
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For each type of structures, the convenient systems ol 
longitudinal and transversal wind bracing are to be provided. 

In Section 2.10.2 the required bracing of the grid 
perpendicular system is covered in detail , wh^le for the other 
structural systems one can follow the rules previously given in 
order to choose the convenient system of bracing. 

2.10.2 Stability of a grid beam system : 

l".i K 7 4 T, t ninsfral.ee; ^ beam sypH-pm. The connections 

attaching the crossing beams are flexible and hence will induce a 
great deformation <5 which leads to an unstable position as in 
Fig. 2.46.C. 

In order to ensure the stability of the grid system in its 
plane one of the following alternatives can be chosen: 

(a) Attach the different crossing beams by rigid connections. 

(b) Use at least three vertical bracing "3" as shown in 
Fig. 2.46.a. 


(1) Columns. )|(| 

(2) Grid Beam Systems. 

(3) Vertical Bracing. 

(4) Horizontal Wind Loads. 

(5) Deformed Shape. 








(b) CROSS SECTION 


(c) A MESH 


Fig. 2.46 







2.10.3. Stability of Hangers : 

Hangers are completely open through one of the two longer 
sides. Generally the structural system is composed of the 
following: (a) a front truss supported at both ends and is 

located above the opening; Cb) a series of transversal girders 
(trusses), where one of their edges rests on the front girder 
and the other one vertical columns situated at the side parallel 
to the plane of the opening. 

The longitudinal and transversal stability are ensured by 
providing the following system of bracing as shown in Fig.2.47.: 




(1) Column of Front Girder. 

( 2 ) Column of Lower Side. 

(3) Column of End Gable. 

(4) Front Truss-Girder. 

(5) Transversal Truss-Girders. 

(6) End Gable Bracing. 

(7) Vertical Bracing of Lower Side. 

(8) Upper Roof Bracing. 

(9) Purlins. 

(10) Door. 



ELEVATION 


Sec. A-A 
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n 


(a) Caiitilever Girders 




v/jawA 


(b) Cantilever Trusses 


Fig. 2.48 
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(1) Vertical Tower. 

(2) Girders. 

(3) Cables. 

(4) Piles. 

(B) Rigid Frame* Oi 
Beam-Columns. 


(1) Trusses. 

(2) Rigid Frames or 
Beam-Columns. 

(3) Piles. 
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(a) Two vertical end gable bracing (6) 

(b) One vertical bracing situated at the end side (7) 

(c) Two transversal upper roof bracing (8) 

Fig. 2.48.a, illustrates another structural system composed 
of cantilevered girders resting on rigid frames stable in their 
'*v»i plant?, Cult loti care used to iloci Rtjac the? d lmcntilonu of the 

cantilevered beams. Fig. 2.48.b, shows a system of transversal 
cantilevered trusses stable in their plane. 


Attention must be paid to the fact that a critical case of 
loading occurs if the wind is acting when the sliding door is 
open. The transversal trusses may bent upward. The different 
members may be subjected to inverse forces, stability phenomena 
(bucking, lateral torsional buckling) must be checked. The 
uplift must be transmitted to the soil using adequate types of 
base connections, where piles must be capable to transmit this 
uplift safely to the soil by friction. Anchorage of footings 
using a convenient process is also required. 


** ** 
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1 ": 


The additional transversal W.B. 

Refer to section 1.5.1 - ( C =0.8}- windward side 

© 

2 

For buildings 10.0 ms. height ; q = 70 kg/m 

P » 08 x 70 x 3.0 x 1.5 = 252.0 kgs 

W.:- ' ;• • 

P_ = 0.8 x 70 x 3.0 x 3.0 = 504.0 kg. 

of horizontal forces get; 


F 1 = ±178.2 kgs (s 1 -s 1 ) ; 


F 2 = ± 534.63 kgs (s 2 “S 2 ) ; 
F 3 = ± 891.0 kgs (s 3 -s 3 ) . 


The intensity of wind on the leeward side is suction with 


( C = -0.5 ) is not the critical situation, 
e 


The vertical longitudinal W.B. 

This system will transmit to the soil the reactions R u and 
where : , 

( 0.8 x 70 x 1.5 x 24 ) = 1008 kgs. 


R = —~ 
u 2 


R s ( 0.8 x 70 x 4.5 x 24 ) = 3024 kgs. 

u 2 

F i = "irabr = °‘ 712 tons ; F 2 = F 3 = = 2 ’ 85 tos 


Alternative "2": 

- - —- , / 

The previous forces P^, P 2 , P^and P 2 are displaced to act 

on the last column-truss frame. These forces are replaced by 

the forces P.and an induced moment M.= P.s. This moment can 
1 1 1 M. 

also be replaced by two opposite and equal forces H = ^ - 
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(Pj +Pj ) or (P 2 +P 8 ) 


HiorHg 


PjOrPg 


iPiorRa 



V-.—I 


V.L.W.B. 


End Gable 


Vertical Longitudinal W.B. 
of the Main Frames 


— distance apart between column-truss frames. 


(P 1 +P 1 )x 6.0 (P +p')x 6.0 

-24- = 102 - 37 k 8 s - ! H = - =7 - = 204.75 kgs 


nee the induced wind forces: 


- ( Q*8 jac 70 x 1.5 x 24 ) = 1008 kgs. 

j 1 .-'.i.... ...... 

- ( 0.8:x 70 x 4.5 x 24 ) = 3024 kgs. 


4 = .± 


~2 cokO = 7 85.26 kgs. 


_. H 1 + H 2 + R u + \ 

~ ■ ~ 2 cose- “ 3068.6 kgs. 


H + 2H_ + R + P 
V - 4. 1 2 u X- 

3 “ " 2“cos0 ’— = 3213*4 kgs. 
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Example 2v3 ; 

The Fig. below, illustrates the layout of an industrial hall 
(48.0 x 24.0 ms) located in the Cairo industrial zone . The main 
structural systems are rectangular rigid frames fixed at the 
bases. 

The spacing between frames is 8.0 ms. 



It is required to suggest a system of intermediate hinged 
cu 1 uiiijis at both sides and the corresponding additional 
longitudinal W.B. 

Hence compute the induced wind forces in the different 
structural elements composing the additional longitudinal W.B. 


Solution 


Intermediate Column 




. Main Frames 
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lr Stability in the longitudinal direction 


A horizontal upper transversal wind bracing and two vertical 
longitudinal W.B are utilized to ensure the longitudinal 
lability of the hall. 

i| Refer to section 1.5.1 to get the following 
I '("Cairo location) = 70, kg/m^ ; C = -0.8 and +0.5 for windward 

BP-""---: e 

me and Leewardjjsides respectively 





P/2 P P P P P . P p P/2 




___ 

Vertical Long. W.B. L/ 

- ■ — v jA 

P = 0.8 x 70 x 3.0 756 kgs. 

nee : R = 4 x 756 « 3024 kgs. 

* 1 “■”* ■ ' 2 - * -4^ - «.*» ton. 


0x3.0=24.0 


Upper Transveral W.B. 


2- Transversal Stability : 

The transverse wind loads on the intermediate columns will 
be transmitted to the main rectangular rigid frames via the 
additional longitudinal W.B. 
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p _ 0.8x70x9.0x4.0 ._. 0 , _ 0.5x70x9.0x4.0 

P i= ---= 1008 kgs. ; P 2 =- - -- 630 kgs. 


The induced force in the diagonal member of the additional 
longitudinal W.B. is : 


D = 


2 cos0 


= 662.5 kgs. 


W, 


V7&777. 


Intermediat 
Rigid Frame 


p 2 


V777777. 


™2 


w = 0.8 x 70 x 4.0 = 224 kg/m' . 
Wj =0.5 x 70 x 4.0 = 140 kg/m'. 


■m 


The Figcfi above’shows the applied wind loads on an intermediate 


mm 


frame. The rigid frame wi 11 be subjected to w^ (wind ward side) 
leeward side) and in addition to the reactions induced by thf 
additional longitudinal wind bracing P for wind ward side andffL 
for leeward side . 


On the other hand, it is to be noticed that if the 
structural system of the end gables are also rectangular rigid 

frames, the applied wind loads are half those illustrated in the 
above Fig.. 
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Example 2.4 ; 

The mam structural system of an industrial hall is a gable 
frame as shown in the Fig. below. The frames support two crane 
track girders inducing two concentrated loads of 10 tons each. 
The wheel loads are spaced 2.0 ms. 

It is required to ensure the stability of the shown 
structure due to : 



(a) Wind Loads. 

(b) Lateral Shock 

(c) Braking Force. 



24.0m 

Plan 


Solution 





24.0m 
Sec, a-i 


fc Moment 


3.0m 


0.5 . 0,5 1.0 
nun m 


3.0m 


10t lot 


B A 



I 2.0m Il.ol 3.0m I M 0X - Shear 









6x 1.0—6.0m 
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Grane Track Girder Straining actions 


Dead Load 


Live Load 


Own weight = 200 kg/m'. 


Z 2 

H = 0.2 x = = 0.9 t.m. 

X o 


D.L 


(c.jy 


Q —• Oi^ZlH^—^O. 6 tons.. 

y (A) ^ z 
D.L 


20 

R a = g~(3.0 - 0.5) = 8.33 t 


M Jt(©) = 8 ‘ 33x(3 ~ °* 5) = 2083 
L.L 


M f x+ Impact = 1.25x20.83 = 26.04 t.m 
x(o) * f 

L.L 


Q ,. 10 + 10 x —rr— = 16.66 tons 

y(A) 6 

L.L 


^y(A) + Impact = 1.25 x 16.66 


L.L 


= 20.82 tons 


Longitudinal Lateral Shock Bracing: 




R 






V 

-s 


I-V-5J 

.x*t> 




l.ot 


B.F. 


For the shown configuration where 
a longitudinal lateral shock bracing 
with vertical members is utilized . 

The induced reaction "R" due to the 
lateral shock and the bracking force is: 

- Lateral shock = 0.1 x 10 = 1.0 ton 

10 + 10 


- B.F = 


= 2.857 tons 


l.ot 


0 .8m 


Take V M =0 and get 
m 


- R = 1.0 + 1.0x| + = 2.04 toas 

6 6.0 
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D = 


The induced force in the diagonal member ( D ) is : 
2.04 - 1.0 



cosO 


= 2.80 tons (~ ve). 


The induced force in vertical member (V) is y = -1.0 tons. 

| ., ThC indUCed f ° rCeS ^ relativ ely small that the dimensioning 

| will be governed by the slenderness ratio Q/i M80) . 

Braking Force Bracing; 

U U '° Vcrtical longitudinal wind bracing systems are 
utilized to transmit directly the bracking force to the soil 
the induced force in the diagonal members is: 

r , 2.857 

~ Fcosa * 2,02 tons - 



N.B. The plane of this bracing 

system lies in the vertical plane 

passing through the crane tigack 

girder web as shown by the dotted 
line. 


acing Sys tem of the Main Structure - 

_ n " ina ““' f ° r “ th « ->* of th. „ pp . r 

ipnsversal win^ bEacing xs: 


mm 




® tons. 


lore: 


irtt 




b *S * J Wt M ] - 0.537 t.„. 


R u = 6 P = 3.22 tons. 
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Design of Crane Girder without lateral shock bracing :- 
Induced moment due to lateral shock: 

# 

M = 0.1 x 20.82 = 2.082 t.m. ; Q = 0.1 x 16.66 = 1.66 tons 
y x 


Force Induced Due to Braking Force: 
B.F. = 1(10 + 10) = 2.857 tons. 


This force, will act as a,compressive normal force 


gaining Actions: (See .table) 

——■ ■ * 


M 


a 0.9 f+ 26.04 * 26.94 t.m. 


‘total 


I Q y total = 0.6 + 20.82 = 21.42 t. 


M 


N 


= 2.082 t.m. 


= 1.66 t. 


= 2.857 t 


Dimensioning: 


app 


_ (26.94 + 6 x 2.082) x 100 3 

= --~-- = 2817 cm . 


choose a B.F.I. N s 40 ( A=209 cm 2 , Z =3030 cm 3 , Z =718 cm 3 ) 

x y 


_ 2.857 A 26.94 x 100 . 2.082 x 100 x 2 


209 


3030 


718 


= 1.48 t/cm > 1.4 
Unsaf e 


Hence choose B.F.I. N = 42V 


21.433 22 

q y = 142.5 - 2 x 2.6) x 1.4 = °' 41 t/cm < °' 84 t/cm (°.k.) 
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q = 5 x = 0.032 t/cm 2 

H x 2 30 x 2.6 


l.t.b 600 x (42.5 - 2 x 2.6) 

30 x 2.6 


2 2 
= 2.6 t/cm > 1.4 t/cm 


(o.k. ) 


3T4 X TT- : w e = 20 - 833 * fr 4 - 629 t/m ' 


I = 69480 cm 
xx 


A = 0.53 cms. < < 0.66 cms. (o.k.) 

max 900 


Design of Crane Girder with lateral shock bracing 

If a longitudinal lateral shock bracing is utilized the 

straining actions of the previous table ( H , Q ) will remain the 

x y 

same, only the induced moment M^will decrease. 


_ 1 x 2.0 _ n c * „ 

W — —-s—~ - 0.5 t.m. 

y 4.0 


Longitudinal Bracing 


Bracket 


*§pl§ l / \ i / 

-U; \ / \ 1 / 


l.Ot 


1.0m 


2.0m 


C.T.G. 


0.8m 


















Hence : If we choose a B.F.I N = 36 the stresses will be within 
the permissible stresses while the deflection is exceeding 
L/900. 


Choosing B.F.I. N = 40 


_ 2.853 + 2694.2 h 2 x 50 
c 209 3030 718 


=1.02 t/cm <1.4 


q , A , f are also within the allowable limits 

MAX L.T.B 


Comparing the two alternatives we observe that the use of a 
longitudinal lateral shock bracing has decreased M^to the 
quarter (0.5/2.083 = 0.24) which has allowed to use a B.F.I. N= 
40 instead of N = 42 1 / 2 . 


212 ~ 209 

The saving in steel is relatively small — .. . = 1.4 V.. 


which means that the use of a system of longitudinal lateral 
shock bracing is only recommended for heavy crane track girders. 
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Example 2.5 :, „i, 

The Fig. below shows the main roof truss of an industrial 
hall 24 x 60 ms. Spacings .between trusses is 6.s ms. Suggest 
two convenient wind bracing systems to ensure the longitudinal 
and the transversal stability of the structure. 

The induced wind loads are to be computed on each bracing 





Solution 


Alternative one 


using an upper, a lower and two edge 

i» 

vertical longitudinal bracing 


(1) Upper Wind Bracing: 


5 = t [o . 

u 4 L 


8 x 70 x ( 


±-^-) x 12 ] = 


436.8 kgs 


R = 4P = 1747.2 kgs 
u u 


To get the forces in the diagonals 


two approaches can ibe used 


»» 














































(a) Neglecting the Compression Member 


Sec 1-1: 


Pu (D P u P u Pu Pu 

2 


a , -1 6.03 ' 

9 = tan —— = 45.14 
6.0 



i.c. F - £^ 747 "0,4 36/2 =2,16 tons (tension). 

cos(45.14) 

(b) Assuming that the Shearing fore will be Divided Equally 


Between : 


i.e. 2 F lC ose = 1.747 - 0.436/2 


get F = ±1.08 tons (ten,comp). 


Pu Pu P, 

21 f I 


(2) Lower Wind Bracing: 


P = P + j (0.8 x 70 x 3 x 12.0) = 940.8 kgs 
Li U 4 


R l =■4 P L = 3763.2 kgs 


Forces in the diagonals: 
(a) As Tension Member: 

3.763 - 0.940/2 


Z COS0 


Pl . P L Pl 
21 1 1 





= 4657.7 kgs 


(b) As Tension-Compression Member 


0,940/2 


2 cos 0 


± 2328.8 kgs 






















( 2 ) Lower Wind Bracing: 


P = 940.8 kgs 


R = 4 P T + R 
L L u 

= 4 x 940.8 + 873.6 = 4636.8 kgs 


6 .( 


Forces in the diagonals: 


(a) As Tension Member: 


_ 4636.8 - 940.2/2 COQ . n , 

F = -—_- = 5891.0 kgs 

2 cos(45) 


(b) As Tension-Compression Member: 


_ 4636.8 - 940.2/2 
2 2 cos(45) 

(3) Vertical Bracing : 

t 

2 cos/3 = 873.6 
2 Fg cosy = 2 x 873.6 


= 2945.9 kgs 


R u 
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Example (2.6) : 

The Fig. below shows the main roof truss of a shed (8.0 x 
32.0)-spacing between trusses 4.0 m. suggest convenient wind 
bracing system to ensure the longitudinal stability and compute 
the induced wind loads. (Take intensity of wind q = 50 kg/m 2 ) 


Closed Area 


3.0m 


4.0m 



4x2.0=8.0m 


Open Area 



Main Truss rn 


General Layout 


Solution 


(1) Upper Wind Bracing: / 


P = Z °- 
u 4 


7 f a t & 


8 x 50 x x /|| = 60 kg 


R u = 4 P u = 240 k g 

To get forces in the diagonals: "two approaches can be used" 
(a) Neglecting Comp Member: 


- _ 240 - 60/2 

F l “ 297 kg (tension) 










3333 


8x4.0=32.0m 
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Forces in the diagonals: 
(a) As Tension Member:: 


120 - 30/2 aaa a i 

F = -- =; 144.0 kg 

2 cos^ 


(b) As Tension-Compression Member : 

F = 12 ° - 30 ^ = 72.0 kg 

2 2 cos* 

(3) Vertical Longitudinal Wind Bracing: 


( cos'y = 0.73 ) 


2 F^.cosa = R^, a = tan 


-1 2 


33.7 U , = 


240 

2 cosa 


= 216 kg 


2 F . cos/3 = R u + R l> 13 = tan 1 | = 45°, get F 4 = 254.5 kg 


E xample (2,7) : 

The main frames of an industrial hall are provided with SKY 

2 

LIGHTS as shown in the below Fig. ( Take q = 50 kg/m ) 

Neglect for height > 10 ms the increase of wind intesity. 


Crane Loads 


lOt lOt 

I 2.0 I 




Main Frame 


24.0m 



General Layout 


8x6.0=48.0m 






























It is required to choose convenient bracing systems and to 
compute the induced wind forces in the different structural 
bracing members. 


Solution 


(1) Upper Wind Br acing: U.W.B. 

Take distribution of wind loads according to E.S.S 1999, 


A 1 a 6 x 3.0 = 18.8 m . 


Then: 


2 P u = ~ ( 0.8 x 50 x 18.8 ) 


P u = 180 kgs .'. R u = 2 P u = 2 x 180 = 360 kgs 


+ 360 ~ 180/2 = ± 195.93 kgs ( cosB 1 = 0.689 ) 


2 cos0 



6.0m 


J __± 


(2) Upper Wind Bracing: U.W.B. 
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Then: 2 P = ~4r~ ( 0.8 x 50 x 24) = 480 kgs 
u 2 


Get: P = 240 kgs 

u 


R = 2 P = 480 kgs 
u u 


_ + 480 - 240/2 
3 T 2 cos 0 2 

( cos0 2 = 0.832 ) 


= ± 216.33 kgs 


Hu R u 


(4) Vertical Bracing: V.L.W.B(l): 


F = ± -- = ± 402.6 kgs 

2 cos 0 „ 

1 


( cos0^ = 0.894 ) 


(5) Vertical Bracing : V.L.W.B(2) : 

R + r' + 2r' 

F = ± —--- = ± 1968.8 kgs 

2 cos0 2 

( cos <p 2 = 0.707 ) 


R + R + B.F/2 
F = + u u 


=, + 1602.2 kgs 


( cos^2 = 0.894 ) 


B.F. = — ° -- L-LP .... = 2.857 tons 
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jgE xamp le (2.8) f 

For the shown Fig. below, find the wind loads acting on the 

different bracing systems. For the longitudinal stability of 

the saw-tooth sheds use saw-tooth wind bracing systems. The 

saw-tooth sheds are beam elements on column-truss 

2 

frames consider the intensity of wind "q" is 50 kg/m . 

Holer to ttoution Alternative "1" 


kV\Ji F s<i h *2 fl fcA F2 .Fi '"Ta 



6x5.0=30.0m 












Intermediate 


Right Edge 


Jt 


Solution 


(1) Calculation of Loads: 



= 185 kgs I f' 2 = 10 kgs \ 


b- For End Saw-Tooth Shed (Wind Ward Side) : 

F„ = 112.5 kgs 

X 

For tanG = 3/5 =0.6 : C = ± 0.4 (chart of section 1.5.1) 

e 

/ 

F 3 = | (0.4 x 50 x 5.83 x 3.0) * 175 kgs 
From triangle of forces "B" get: 

ii ii 

F, = 292 kgs F„ = 250 kgs \ 
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C~ For Right Transversal Horizontal W.B. : 


F sinG = 175.sin(0) =• 90 kgs 


F 4 = -- (0.8 x 50 x 6 x 3) = 360 kgs <- 


The panel load = 90 + 360 = 450 kgs <— 
d~ For Left Transversal Horizontal W.B. 


F i = 1 


12.5 kgs <- 


^5 ~ 2 (0*5x50x6x3) = 225 kgs <— 
Then panel load = 112.5 + 225 = 337.5 kgs 
(2) Applied Wind Loads on Saw-Tooth W.B.: 





Right 


Intermediate 
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The loads induced by the reactions R and R are transmitted 
i to two horizontal side struts. Having two systems of vertical 
| longitudinal wind bracings, the transmission of these reactions 
Ifccan be assumed as in the diagram shown before. 

I, Hence, the strut is to be designed on the force, F = ± 
p(68.5x4)/2 = 137 kgs. This induced force is relatively small, then 
1th# 4im@nsi©fHng ie based en the slenderness ratio (1/i > 200 ). 


KB: 


! , 1- If we Mxs& one vl longitudinal wind bracing, "the right 

one" for example, the strut is to be designed on: 


F = + 
st 


5 x 68. 


5 + R, 


Where R 3 = reaction of suction loads resisted by the left H.z 
transversal wind bracing. 

i.e. R 3 = 4 ( F x + F 5 ) = 4 ( 112.5 + 225 ) = 1350 kgs 

F st = + ( 342.5 + 1350 ) = + 1692.5 kgs 

2- If we use one vl longitudinal wind bracing in the left 
side, the strut is to be designed on: 


4 x 68.5 + 857 + R 


Where R^ = reaction of pressure loads resisted by the right 
H.z transversal wind bracing. 

i-e- R 4 = 4 ( F' 4 + F 3 sine ) = 4( 360 + 90) = 1800 kgs 


2931 kgs 
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(4) Appl 


ied Wind Loads on Horizontal Trans v^-saljfind&^acmg^ 


R = 1350 Kg. --— 

3 168.75 


337.5 — 


337 5 


337.5 — 


337.5 


337.5 — 


337.5 — 


337.5 


168.75 


R 3 =1350 Kg. 



R 4 = 1800 Kg. 


R 4 =1800 Kg. 



450 


— 450 


— 450 


— 450 


Left H.Z Bracing 


Right H.Z Bracing 


F + =112.5 + 225 

= 337.5 kgs 

■; . : : ■ fL . : ■■ 'vM.^i'i’:'; ',h?X 


R, - i 

mmm 


v5x 8 =1350 kgs 


Y a + F„sin0 = 360 + 90 
4 3 

= 450 kgs 


r = i x 450 x 8 = 1800 kgs 
4 2 


- + T 1350 " 168 

~ ~^ v2 cosfi 
= ± 922.80 kgs 


.75 J 




1800 - 225 
2 cos/3 


= ± 1230.50 kgs 


With 1/i > 200 


With 1/i > 200 
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(5) Induced Wind Forces in the Vertical Longitudinal Wind 
Bracing: 


5.0m 



—- 857 
(4F\p cos0) 


1213 kgs 


= 2181 kgs 


(6) Applied Wind Loads on Frames: 

















mm 


Example (2.9) : 

Find the wind loads acting on the different bracing systems 
using the same configuration as for Example 2.8. Replace the 
SE^toothS transversal wind bracings by Tie rods as given by 
Alternative"??, Section 2.9.3. 


*M Fi K\ F> 


6x5.0=30.0m 
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Solution 


(1) Calculation of Loads: 

From Example 2.8 get: 

I'L =112.5 kgs <-~ , F - 219 kgs / , F = 185 kgs , F =10 kgs \ 


F 3 = 175 kgs «/, F x = 292 kgs | , F 2 = 250 kgs \ 


U, O If■ a < 


, i\ - kf$»3 < 


(2) Induced Forces - Tie Hods: 

Using two vertical longitudinal W.B., The forces induced 

in the different ties are assumed to be shared equally. Hence; 

/ 

a- Force in intermediate left Tie = - 2 x 2 cosQ 

55 - 34.3 kgs 

b- Force in intermediate right Tie = + 34.3 kgs 

. ■ 

(3) Applied Wind Loads on Horizontal Transversal Wind Bracing: 


112.5 56.25 
225 112.5 


225 112.5 


225 112.5 


225 112.5 


112.5 56.25 


8.57 17.14 


17.14 34.3 


225 112.51/ 17.14 34.3 


225 ii2.5 17.14 >34.3 


225 1 17.14' 34i3 


17.14 34.3 


17.14 34.3 


17.14 34.3 


8.57 17.14 



_A=360+90+214.25 

=664.25 


Left Hz. Bracing 


Right Hz. Bracing 










tsii to 
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Left H.Z Bracing 


Right H.Z Bracing 


Where: 


17.14 = 2 F 2 cose 


(last bay) 


Where: 


34.3 = 2 x 2 F ? cose 

! (2 Int. bays) 


360 = F, ; 90 = F„ sinO 

I 4 1 


34.3 “ 2 x 2 Fj cos0 

(2 Int. bays) 
112.5 = F„ ; 225 = F_ 


Then R„ = 4(112.5+225+34.3+17.14) ; Then R_ = 4(34.3 + 664.25) 


; 214.25 = F ? cose 


« 1555.76 kgs 


= 2793.8 kgs 


(4) Applied Wind Forces on Vertical Longitudinal Bracing: 


5.0m 



2793.8 Kg. 
































Example (2.10 >: 

Solve Example (2.8) ensuring the long, stability of the 
structure by the saw-tooth truss sheds themselves. 

Refer to Section 2.9.3. - Alternative ”3" 


Solution 
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Solution 


(1) Calculation of Loads: 



The system shown above is twice y 2 Yj 

statically indet solving: 



X t = 100.73 Kgs, X 2 = 101.30 Kgs, Yj =189.39 Kgs. Y 2 = 128.96 Kgs, Y 3 =60.78 Kgs. 
















The system shown above is twice staticallyindet.solving 
by the consistent deformationor the matrix method we get 


7 , • / , 

X i “ 122.71 kgs, Y x = 283.88 kgs, X 2 = 282.53 kgs, 



(2) Applied Forces on H oriz ontal Br acing 
























Left Horizontal Bracing 


Right Horizontal Bracing 


= 0.5 x 50 x 3 x 3 = 225 kgs 
P = = ; 123.7 kgs <— 

- 3 X + 2 X, 

1 i 2 

= 3x100.73 + ; 2x101.3 
= 504.79 kgs- _> 

= 4 ( 504.79 - 123.7) 

= 1524.36 kgs «- 


l F 4 = 0.8 x 50 x 3 x 3 = 360 kgs 

jF = 2x101.3 + 2x100.73 - 282.53 
~ 121.53 kgs -> 

g=f 4 + x ; 

= 360 + 122.7 
= 482.7 kgs <=- 

r 2 = 4 ( 482.7 - 121.53 ) 

= 1444.68 kgs —^ 






















1 ' • 
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(3) Applied Forces on Vertical Bracings: 



5.0m 




(4) Applied Forces on Column-Truss Frames and End Gable: 



C/2 G G G G G G G G/2 

11111)1 

G * Yj -283.88 Kg. 

Right End Gable 


8x3.0=24.Om 


i 

Item 

Discription 

Point Load "P" 
(kgs) 

/ 

P 

(kgs) 

1 

Intermediate col. Truss 

Frame 

Y + Y = 318.35 
i £ ^ 

1 

! 

Y = 60.78 

'i /t\ 

2 

Left end Gable 

'T* 

Y 2 ~ 128.96 

Y 3 = 60.78 | 

.3 

Right end col. Truss 

Frame 

/ 

Y 2 ' Y 1 = 87 - 37 

/ 

Y 3 = 169.52 
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(5) Applied Forces on Saw-Tooth Sheds : ^ 

If two hoz.trans. W.B. are utilized as has been previously 
outlined, the following can be observed: 

a- The induced wind forces in the saw-tooth sheds "1”, "3" and 

• • \ V.' . 

|» 4 M will follow case (a) that of the intermediate saw-tooth sheds. 

l b- The ihdUiid Wifid forces in the saw-tooth shed "6" will 
follow case (b) that of the right end saw-tooth shed. 

;• : ••••• •• "‘ ■ 

I c- While the sawtooth sheds "2" and "5" are to be dimensioned 
to transmit in addition to "Fj" and "F 2 " the induced reactions 
(X + X Japplied as external forces (see Fig. below). 



As Applied External Force 


A(Xg+Xi) (X 2 +X T ) A (5) ^ 

/ \ As Applied External Force 


> 1 .B. (1) If we consider the case of wind left the saw-tooth (1) 
will follow the following case :- 



Y 3 =235.68 


X 2 =392.80 



Fj =219.0 kgs F 2 =180.0 kgs 


Y 2 =127.68 


Xx = 192.78 


Yi =12.01 


Forces 


Reactions 

















Ex. (2.11 ): 

Solve Example <2.8 using truss saw-tooth sheds instead of 
beam elements. 

Ensure the longitudinal stability using saw-tooth bracing 
systems and two side struts. 


Solution 















(1) Induced Forces in the Saw-tooth Braci ng System : 
a- Intermediate Saw-Tooth: 

Fj = i x 0.5 x 50 x 3.0 x 3.0 = 112.5 kgs 

1 

F 2 = 2 x P-5 x 50 x 5.83 x 3.0 = 219 kgs 

Th@ in tWlpp fttatiaatty Util UK a moMiod 

of structural analysis the system can be solvedand the 
reactions X ±9 X 3 and Y 3 are obtained. 

Using the triangle of forces transform the reactions at the 
joints (1) , (2) and (3) to forces in the vertical and bracing 

directions. 


62.5— 


125 — 


125 — 


125 —— 



— 115 


— 115 


57.5 


R i=4{125-l 15)=40 Kg. 

p, = 3.5x 10 _ 

2Cos0 “ 20 ton - 


Y 3 = 122.8 

I / F 

106.2 l/X 

unrM 


100 _Fj 
X 2 ^ 




Yg = 127 


122.8 



e.2 
A X\ 

i® 

Yj = 122.B 
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At joint (2) the result of X^= 282.6 kgs and 


Y = 102 kgs are 

JLi 


decomposed to an inclined force F having the same inclination as 


the saw-tooth shed of and a vertical force F 


The forces F ? and 


F^are resisted by the saw-tooth bracing and the column-truss 
respectively. This is to be done similarly for joints (1) and (2). 

b- The Right-End-Saw-Tooth Bracing: 


71.5 — 


143 


143 — 


143 


71.5 — 




117.5 

x 3 

Y n - 99 

1/ ' Va 

/* 


Fj »112.5 kgs 
F 2 =175 kgs 


/ 

l\ 

/V2 


282.0 

Ft 

5 


x a 

© j 

Yg =102 


A 

1 ® 

Y i =99 








\330 

183 

\ 


275 

99 


R / 


282.6 


/ 117.5 

© 

© 


© 


99 


R = 4(143+320) = 1852 kgs 


pV;.-'-''.;'.'-..: 

| > :. • ^ v > • y $ 


BgB*.. ’ 

m - O 

fe, • . 2 


tp . 3.5 xj463 _ , 

* - “ • —0.91 tons. 


2 cos 6 

(2) Induced Forces in the Horizontal Side Struts ; 

The force induced in the left half of the strut = + 2 R cose. 
The force induced in the right half of the strut ~~ 2 R C os0 


i.e. = ± 2 x 0.02 x 0.857 = t 0.034 tons. 
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Hi Sin 8 RiSinQ RiSin© RiSin© RiSinO RgSin© 


RlCos©, 

RjCosQj RjCosQj RiCosQ j RjCos© 

RgCosGj 

Vertical 
Long. W.B. 


Vertical 
Long. W.B. 


* Intermediate Column-Truss 


From triangle of forces (1), (7), (3) 

Pj = 122.8 k$s ; P 2 = 185 kgs ; P 3 = 60 kgs 
H = R^ = 0.04 tons 


* Last right Column-Truss 

P x = 122.8 kgs ; P 2 = -275 kgs ; P 3 = -183 kgs 

R ~ = 0.04 tons ) 

* Left end Gable 

P 1 = zero ; P 2 = 185 kgs ; P 3 = 60 kgs 

R = zero 


* Right en< * Gable : - 

? 1 = 99.0 kgs 
R = R 2 = 1.852 tons 


(3) Induced Forces in the Frames: 
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(4) Induced Forces in the Horizontal Transversal Bracing: 


Left 


Right 


1/2(F 6 -X 2 ) 


F 5 -X 2 




Fa-Xg 


1/2(F 6 -X 2 ) 



- R a 


R4- 


F 4 =0.8x50x3.0x3.0 =300 Kg. 
F 5 =0.5x50x3.0x3.0 =225 Kg. 




R4- 


\/ 


/\ 


\X 


x \ 




/\ 


X / 


/\cx \ 



1/2F 4 ' 


ft 


F 4 


l/2F 4 


R 3 = ^ f 4(225 - 100) R 4 


4 F = 4 x 0.36 
4 


= 0.5t 

3.5 x 0.125 


= 1.44 t 


III 2 cosa 


= ± 0.341 


3.5 x 0.36 


IV 2 cosa 


= ± 0.984 t 




(5) Induced Forces in the Vertical Longitudinal Bracing: 



,ef 


R: 
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Example (2-12) : ' 

Fi^d" the wind: forces in the different structural systems for 

the threejhinged shed-frames of the shown saw-tooth structural 
system. '■ i 

Ensure the longitudinal stability using: 

(a) Transversal W.B. for glazing surface. 

(bj Transversal W.U. lor tiLaliccl.s aui-iace. 

Section 2.9.3. Alternative ”4” 
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(4) Induced Wind Forces in Rigid Frames: 


Item 

Discription 

Point Load 

Point Load "G" kgs 



"P” kgs 


1 

intermediate 

zero 

“(R^ sin60+R 2 sin30) 


frame 


= - 1199 

2 

right end gable 

~ b 10 
b 

!*■'' -- It. tandO ~ ‘Hl/.b 

5/2 4 

3 

left end gable 

Tj - “610 

R sin60 - ^ 7/2 ~ 934 * 2 

4 

Last right end 

zero 

- R 3 sin60 + R 2 sin3 


rigid frame 


= 229.9 


G G 

i i 

p/2 P P P P P P/2 

I I I I I I I 
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Example (2-13): 

Repeat Ex.(2.12) using : 

Two horizontal transversal V.B. 



F 1 5 F 2 * F 3 ’ F 4 and F 6 are given * n Example 2-12 
If two end transversal horizontal bracing are utilized as 

shown in the above Fig., hence the following modifications 
to be observed regarding example 2-12 , 





are 











Pj =F e +F 2 Sin 60=386.6 Kg. 
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Induced Forces: in the Vertical Bracing 


CHAPTER 2 




Left Vertical Wind Bracing 


Right Vertical Wind Bracing 


1 c 

Q l“ R 6 ~ 2 H l cos60 ' = 900.3 kgs Q 2 = R y + g R 2 cos30 = 1393.2 kgs 


Q 3 = R 3 cos60 - R 2 cos30 = 444.75 kgs 
R 3 = 3(F 3 - F^) = 40.5 kgs 


Induced Forces in the Rigid Frames : 
Left End Gable 


Right End Gable 


P ~ ^2 s ^ n 3° (upwards) 
= 50 kgs 


P - F 3 sin60 (downwards) 
= 105.8 kgs 


C - R sin60 (upwards) 
= 449.5 kgs 


G = ~ sin30 

- - 150 kgs (upwards) 


Intermediate Rigid Frame : 


P = Zero 


G - R^sin60 + R 2 sin30 = 1199 kgs ( upwards ) 


Where P & G are point loads as defined before. 


P P P P P 
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Example (2-14): 

- - -— . 4b. 

Design the induced wind forces in the saw-tooth wind bracing 
systems of the two-hinged shed frames shown in Fig.. 


Solution 


6 x 4.0 - 24.0m 


rnmm 














(1) Wind Loads on Saw-Tooth Sheds 


Intermediate Saw-Tooth 


vi 1 = -0.5 x 50 x 4 == -100 kg/m' 


= -0.5 x 50 x 4 = -100 kg/m' 





4.0m 


W 2 Yi 

qav/--l.ooth abed is an once statically indet.st. 

Solving we get: This case of Int. saw-Tooth 

/ S N^ is valid for wind left and wind 

/ right cases. 


X 2 = 65.0 Kg. 


— Xj=65.o Kg. 


2“"^ — <§) ® j- 

Y 2 =200 Kg. Yj =200 Kg. 

B- Last Bight Saw-Tooth (Wind Right) 

0.356 x 50 x 4.0 = 71 kg/m'; w 2 = -0.5 x 50 x 4 = -100 kg/m 

Yind 


Xg = 177 Kg. 



Xj = 120 Kg. 


: Yg =57 Kg. Y 1 =57 Kg. 

c- Last Left Saw-Tooth (Wind Left) 

0.8 x50 % 4.0 = 160 kg/m'; = -0.5 x 50 x 4 = -100 kg/m 


Wind! 


Xg =264 Kgi>,— 



Y 2 -70 Kg. 


©^- x - 187Ke - 

, I 

V, =70 Kg. 





























FinaJL Reactions on Right End S.T 
(2) Wind Forces in the Intermediate Tie: 


Wind 

Left 


o->-< 

p—> c 

—>—*_< 

-)—< 

p->-(—Q 

1 : : 

/ / 

zero 

zero 

zero 

zero 

X 2 X l 

a—>— 

451 kgs 

X 2 X 1 

X 2 X 1 

X 2 X 1 

X 2 X 1 

zero 

zero 

zero 

zero 


To Right Vt.Br.j Left Tie j Right Tie jTo Left Vt.Br. 

Then force induced in left and right ties = zero due to wind but 
due to dead and live loads this tie will be subjected to 2(X 1 ~X 2 > 

(3) Induced Wind Forces in the Horizontal and Vertical W.Br. 


Case of Wind Right 
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Where: 

F = i x 0.5 x 50 x 4.0 x 6.0 
6 2 


C = ( x j - x 2 ) 


= zero 


R = 3(P+G) = 3 x 300 = 900 kgs 


I D = 900 - 150 
ft ” 2 cos0 




D = ± 441 kgs: 








G = F 2 + x i + X 2 = 777 kgs 


Where: 

mi 

F 2 = ~ x 0.8 x 50 x 4.0 x 6.0 
= 480 kgs 

R = 3(P+G) = 3 x 777 
= 2331 kgs 


D = 


2331 - 777/2 
2 cos0 


D = ± 1142 kgs. 


Vertical Longitudinal W.B.: 


Left 


D = ± 


900 


2 cos0 


= ± 818 kgs. 


Right 


r/ _ , 2331 

D = ± -- — = ± 2119 kgs 


2 cos<£ 


(4) Transversal Stability : 

The transversal stability of the whole structure will be 
ensured by the following: 

a- On the exposed surface "B", the fixed rectangular 
rigid frames will transmit the applied transverse wind loads to 
the foundations. 


The induced wind loads are: 

W^ = 0.8 x 50 x 4 = + 160 kg/m' (wind ware side) 

W 2 = 0.5 x 50 x 4 = - 100 kg/m' 


(leeward side) 
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b^- On the exposed surface "A” the longitudinal wind 

bracing system shown in the above Fig. will transmit the applied 

transverse wind loads to the corresponding rigid frame as 

concentrated loads P. , P 0 , P n and P„ . 

12 3 4 

Where: P =0.8 x 50 x °jj_ = 8 .65 kgs. 


,, , ,, <> W' » i 7 1 

I\ - o.n H M) Jf „ o.r, Afj. «m kua 

^ A 


P_ = 0.8 X 50 x —— * °' 865 X 1.5 = 77.82 kgs 


P, = 0.8 x 50 x — 865 x 1S = 25.9 kgs . 


The induced wind forces D and D are: 


D i = * T^r = * 18 - 34 k « s - 


D = ± Z Z: 82 s + 59 47 kgs 
2 2 costr Kgs. 



;■£& 





2 


The Longitudinal W.B. 
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' ; BRACING OF BUILDING STRUCTURES 

3.1 1 iiLroduot ion 

In order tc assure the stability of a multistory 
building in the transversal and the longitudinal directions, 

1 ■'*> i -'niil 3 I ?>C5 t7 M vpi I \>a\ l<i ai ini; c; y n I In ln» 

pro v ided. 

The structural system , the location and the geometrical 
configuration of these bracing will depend on the principles 
previously outlined in chapter 1. 

The most common types of bracing are presented in the 
following sections, only steelbracing are analyzed while if 
reinforced concrete structural elements are also provided one can 
refer to VOLUME IV. 

3.2 Different Horizontal Bracing of Building Structures: ^ 

3.2.1 Solid Slabs, Steel Decks, Composite Syste ms: 

Floors of building structures form a horizontal rigid 
plane capable to act as a horizontal wind bracing transmitting 
the wind horizontal loads to the appropriate vertical bracing. 
Different configurations; of floor framing exist which depend 
mainly ori-the sjiap^-(geometrical dimensions) and the structural 
system of. the building itself. Typical layouts are discussed in 
the following sections: 



(A) The TraditidirialeConcrete ,Slab: 

It carries both gravity and lateral forces and is either 
directly connected to the columns and walls or through a floor 
framing system. Generally the concrete slabs are either one way 













^H^BTER 3 


N.A. 


Slab 


£1 


Effective Width 
of Flang 


N At 


Beam 


Shear ' 
Collectors. 


(a) Non Composite 
Beam Action. 


(b) Composite Beam 
Action. 


g. 3. 


iSWJSl 


(1) Steel Deck 

(2) Concrete Slab 

(3) Wire Mesh 

( 4 ) Steel Truss; 


C.S. A-A 


Fig. 3.2 
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action (solid slabs) or two-way action (solid slabs and flat 
slabs). This type is seldom used actually in steel constructions, 
it leads to heavy slabs affecting consequently the weight of steel 
structures. 

(B) Composite beams : 

Since the composite action between steel and concrete was 
known, many types of floor framing structural beam systems 
(rolled sections, girders, trusses and open web steel joists, 
etc —) have been'designed to act compositely with the concrete 
slab. ' 

For composite action some types of shear connectors are 

k"iV '' v - ■ l jtfpS!'." 'Vi.• : '.'r,' '• ' ,, 

needed to transfer the longitudinal shear between the two 

structural elements. This eliminates slippage between the slab 

.->-34 

and beam flange. Generally, round steel studs welded to the 

’ -in '-:!;.'■ . - , .. . 

flanges of the beam are used as shear connectors. Other types 
of connectors are spiral bars, angles and channels. - 

To illustrate the advantage of using composite action. 
Fig. 3.1.a shows a slab and a beam in a non-composite floor 
system where each is behaving separately. Each element is 
stressed in tension in the bottom fibers and in compression in 
the top fibers. This approach neglects the frictional 
interaction between slab and beam flange; free slippage is 
assumed at the interface of the two elements. 

Fig. 3.1.b, illustrates the composite action between 
the slab and the upper flange. A portion of the slab will act as 
the compression flange. A composite action, improves the 
strength and the rigidity of the floor system by 15 to 30 

percent in comparison to non-composite action. 

| 

Detailed method of design are given in VOLUME IV 
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(C) Composite Cellular Steel Decks: 

Since 1960, cellular steel decks acting compositely with 
concrete slabs have been extensively used. 

Most corrugated steel composing the cellular steel deck 
systems are either 4 cms or 8 cms deep. The 8 cms deep deck is 
obviously stronger, spanning between 4.0 and 5.0 ms in composite 

■ *' t irtj* On lli» ill li»f hrn»»l, I hi> '1 i!i>i Ii |trnv i ilt>q I depHi 

for deck and slab, thus reducing the overall height of the 
building. 


Fig.3.2 illustrates a typical composite floor deck composed 
of : corrugated steel deck with ribs, a lightweight concrete 
slab and a wire! mesh which provides the necessary tensile 
capacity. j A series of steel trusses are supporting the steel 
decks and transmit the gravity and wind loads to the columns. 

The main advantages of using cellular steel decks acting 

. ‘ dii 

compositely with the concrete are as follows: 

(i) The lateral and vertical floor stiffness are increased. 

(ii) An increase of beam span and beam spacing, a reduction of 
r the^nuraber of beams,a decrease of floor weight resulting in 
■i ,J .a reduction- of ; framing and foundation costs. 

(iii) jFasterxconstruction process. 

(D tbJ;.Composite Metal Deck: 

Composite ^action'between the concrete slab, the steel deck 
and the' beam ; can- be achieved by using shear connectors field 
welded through'the‘metal decking to the top flange of the beam. 
The steel deck corrugations can be either parallel or 
perpendicular to the beam. The behavior of each system is 
different. The behavior of a parallel corrugation is similar to 
the solid slab. 











C.S. A-A 


(2) Concrete Slab (3) Steel Bars welded to 
(5) Crossing Trusses upper chord of Truss 


(1) Steel Deck 
(4) Main Trusses 


C.S. A-A 


(3) Seat Plate (4) Stiffener 

(7) Steel Reinforcement 


(2) Steel Deck 
(6) Beam 


(1) Concrete Slab 


(5) Shear-Stub- 
Connector 


Fig. 3.3 
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Fig.3.3 illustrates a parallel 4 cms deep corrugated steel 
deck acting compositely with a 10 cms thick concrete slab and 
the beam. The advantage of such a system lies in the reduction 
of the beam depth at mid span which allows the ducts to pass 

tin 

through, and a total saving of building height. 


Composite!Truss-to^Concrete Slab 


Fig. 3y^|‘~ ^illustrates a composite action between a reinforced 
concrete elaband a trues structural system. Shejar connectors 

e. centered with refepect to. -the 
welded to the truss, at each panel 
no structural function, it 


orm 


Composite Metal . Deck . : ,, r 

a stub " girder system acting 
compositelyfwith a steel deck. Shear connectors are welded to 

the beam-stub through/the steel deck while these beam stubs are 
welded to-the main'girder. 


(2) Steel Deck 


(4) Main Girder 


(5) Shear Connector 


Fig. 3.5 
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Fig.3.6 illustrates a prefabricated unit composed of an 
inverted T-section and a haunched concrete slab. The steel 
reinforcements of the concrete slab are welded to the top of the 
T-web allowing for composite action. 


(1) Concrete Slab (2) Reinforcing Bars 

(3) Steel-T-Welded to Reinforcing Bars. 


In this section a variety ofdifferentsystemsofcoii|jposite 
steel-to-concreted-slab, action have been detailed. For the jdesign 
of the different; structural elements, refer to VOLUME /IYg where 
the theoretical-'modeling iand approximate methods of analyses: are 


resented 


ulkftoris tof Fj.6or: System! 












































Fig.3.8 illustrates a typical braced floor system for 


bracing. 


floor 


lateral 


Classification (2) : j 

! If the facade columns (similar to the end gables of halls) 
are not rigidly connected to floor beams, a floor bracing along 
the periphery is needed. The bracing will be spanning between 
the cross girders. 


Mg.j.Y.a illustrates a horizontal triangulated bracing at 
the periphery of the floor which allows an equal transmission of 
lateral loads to the central braced bent (i.e. four vertical 
bracing). (While Fig.3.7.b shows a tee shape floor in which a 
central horizontal bracing parallel to the longer side allows the 
transmission of lateral loads to three parallel braced Facades 
(I.e. three vertical bracing). The distribution of lateral forces 
for such configuration is presented in Section 3.4 


such a situation. 

Classification (3) : 

A unique floor bracing configuration can be utilized for 
buildings that consist of a tower at the top and then are 
enlarged at the base (Fig.3.9) The change in structural action 
from the tower to the base necessitates heavy horizontal bracing 
in the transition zone. The floor trussing permits the 
transmission of lateral forces from the tower columns to the 
peripheral columns of the base. 




























Fig. 3.8 Flexible Connection. Fig. 3.9 Tower-Enlarged Base 
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For building applications the common vertical bracing 


are as given below: 

3 . 3.1 Floor Beam System Attached to Columns in Both Directions 
with Fle xible C on nections : 

If the structural system is composed of floor beams 
connected in both directions to the vertical columns by flexible 
connections, the structure is unstable in both longitudinal and 
transversal directions 

Stable Structural System : 

In order to get stable situations in both directions, 
vertical,longitudinal and transversal bracing are to be 

provided. 

Fig.3.10 tillustrates two different concepts concerning 
the connection between beams and columns. CONCEPT (1) considers 
continuous vertical columns where the ends of beams are hinged 
to the columns at their intersections, while CONCEPT (2) 
considers the beams to be continuous and the columns are hinged 
to the beams at each floor intersection. Generally solution (1) 
is adopted in the different applications. 

Two vertical longitudinal and two vertical transversal 
bracing are utilized in order to rend the structure stable in 
both directions. 


The distribution of forces for the different configurations 
is given in sections 3.4.1, 3.4.2, 3.4.3 and 3.4.4. 
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Advantages and Disadvantages ; 

1- The utilized fleiable connections are simple and 1111 areof minimum 
cost and easy to fabricate. 

2- Saving time for erection. 

3- Columns are mainly subjected to concentric vertical loads. 

4- The buckling length of columns will be nearly equal to the 
height of floors.. 

5- ¥hd vertical bracing can oppose some 

architectural requirements. 

6- The beams are hinged at both ends which requires a 
considerable height of the beam cross-section. 

3.3.2 TheRigid Frame Systems : 

Description r 

A rigid frame structure is composed of a system of floor 
beams rigidly connected to the vertical columns. These steel 
rigid frames can behave solely or in conjunction with either 
interior walls or exterior facades. These rigid frames can 
assure both longitudinal and transversal stabilities. Fig.3.11 
shows a skeleton of a building composed of rigid frames in both 
directions. 



I 

xi 

I* 


i 

» 

* 



Fig. 3.11 








■ Columns 
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for buildings till 30 


N.B. Rigid frame systems are optimum 


stories. 


Different Configurations: 

The geometrical configuration of the rigid frames w.r.t. the 
building shape can be one of the following three categories: 


(?) Parallel cross frames (Fig. 3.12.a) 
(li) Envelope frames (Fig. 3.12.b) 

(iii) Two-way frames (Fig. 3.12.c) 


(1) Internal Rigid Frames. 


(2) Envelope External Rigid Frames 


(c) Two-Way Cross Frame. 


Fig. 3.12 Different Configurations of Rigid Frames 


(a) Parallel Cross Frame. 


(b) External Envelope with 
Internal Core Frame. 
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Analysis and Behavior: 

The exact analysis of steel rigid frames needs to solve a 
structural problem of very high indeterminacy. For predimensioning 
approximate methods are given in Section3.4.6 where the treatment 
for gravity loads will differ from that of lateral wind loads. 


Generally speaking the deformed shape of a rigid frame will 
be somewhat the summation of the cantilevered bending 

(Fig.3.13. a) where the structure acts as a cantilever beam, 

adding the deflection due to bending of beams and columns (shear 
lag) as given in Fig.3.13.b. 

Rigid Frames in! Onej Direction Only: j 

Fig.3.14 illustrates a structural building system where 
only rigid frames exist in the transversal direction while the 
longitudinal jisystem is composed of horizontal beams hinged to 
the vertical- columns. 


The system is stable in the transversal direction, while in 
the longitudinal direction the system is unstable (see Fig.3.14.c) 
A vertical longitudinalbracing is required to maintain the 
longitudinal stability (structural element (4) of Fig.3.14.a,b. 


Advantages and Disadvantages : 

(1) A redistribution of forces is possible due to the high 
degree of indeterminacy of the structure. 

(2) The fabrication of rigid connections in both directions is 
complex, expensive and consumes long time for field 
erection. 

(3) The buckling length of vertical columns will exceed the 
height of floors (h) which requires severe dimensioning 

' i 

(4) The second order effect for vertical beam columns must 

absolutely be taken into consideration. • 

i (i\t 

Refer tp Example 3.2. 
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(b) fsliear Leig i -(c) 


' Rigid Frames. 


m U mi 



i-XiXO £ J 


(1) Columns. ; 

j 

( ! 

(2) Rigid Frames. 

(3) Hingid Beams. 

(4) Logitudinals W.B. 

6 ®Great 


(b) Longitudinal Section 


(c) Deformed Shape 
(Unstable) 


W: !;ii : 


Fig. 3.14 Rigid Frame and Vertical 
Wind Bracing. 











































3-3.3 The Sheai core S tructures: 

Description : 

For maximum architectural layout, flexible open large 
spaces are required. A common configuration is to concentrate 
all services (elevators, stairs, toilets, mechanical shafts, 
etc...) to form one or several cores, generally situated in the 
central region. These cores are either steel or concrete 
crti-'inHii-oa, «>apc*l> jo Lu rebibl. U» c lateral loads in both 

directions. Fig.3.1£ illustrates a typical structural system 
with a central core. Horizontal wind loads are transmitted to 
the core by the floor system. 



Fig. 3.15 Path of Wind Loads 
(Core System). 

Different Shapes and Locations: 


Generally the cores are of square or rectangular shapes. 

Some special layouts can use triangular or circular cores as 
indicated in Fig.3.16. 
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Fig 3.16 

^i.ru clural Systems ; 

Cores can be made either of steel or concrete or a 
combination of both. The steel framed core may be: 

(i) Vierendeel frames (refer to section 3.5) capable to achieve 
transversal and longitudinal stabilities. The vierendeel 
being flexible, thus is only used for relatively low 
rise applications. 

(ii) Vierendeel frames with diagonal bracing (i.e vertical 

trussing ) will assure adequate stiffness for taller 

buildings. 

Structural behavior: 

A core, resisting lateral wind loads is visualized as a huge 
cantilever beam fixed at its base (foundations). The core 
structure must be capable to resist the induced bending and 
shear stresses. In addition the core will transmit part of the 
gravity loads which will induce vertical compressive stresses. 
These compressive stresses can cancel the tensile stresses 
caused by the lateral wind forces. 

Fig. 3.17 illustrates two different structural systems: 

(i) Cantilever system : 

Fig.3.17.a shows the cantilever type where a great 
amount of steel is needed to resist the induced stresses. The 
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cantilever floor system being very flexible, this is not 
commonly used. The gravity loads progress from zero at the top 
to the maximum at the base. 

(ii) Suspended system: 

Fig.3.17.b shows the structural system of the suspended 
type where the gravity loads are transmitted from floors to the 
corresponding vertical cable. At summit the summation of these 
grovlLy loads arc lidiiainl 1, Inti l.o the cores by *--» Iruda Eayralcm 
occupying the whole last floor. The core then transmits these 
loads to the foundations and then to the soil. 

The normal force is constant throughout the height of the 

core. 


The erection of a classical core building structure 
(Fig.3.17.c) is achieved from ground floor till the last one. 
While for the suspended system, this erection is achieved in an 

opposite direction starting from the top to the base (see Fig. 

# . 

3.17. d) 

An approximate method of analysis is given in Section 3.4.5 
( Refer To Example 3.3 ). 

3.3.4 : Intjerspatial and Staggered Trusses: 

P.Qscr.ip.tion : ..... 

i u, ? ^|bep 5 i a Y a il a t>l e structural systems of buildings are: 

(i) The. JEpterspatial Truss System: 

It consists of; trusses along the shortest dimension of the 
building.' ^5: JThese■ trusses , are supported on facade columns 
situated on^the longer side. These trusses will be utilized in 
thee even floors only and designed to carry at their bottom 
chords the hanged adjacent lower floor while the upper chord 
will carry; the adjacent upper floor. This configuration will 
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(a) Interspatial. 
Elevation 




(d) Staggered Trusses; 
Elevation 


(b) Rigid Frames. 
Plan 


(c) Vertical Bracing. (d) Staggered Trusses. 
Plan Plan 


(1) Trusses. 

(2) Vertical Beam-Columns. 

(3) Free Space Floors. 


(4) Rigid Frames. 

(5) Vertical Bracing. 


Fig. 3.18 Interspatial and staggered Trusses. 
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allow to get a free space for 
obstructions (Fig.3.18.a) 

These trusses in conjunction with the vertical columns 
will achieve the longitudinal stability of the structure. While 
the transversal stability can be obtained either by usiqg rigid 
frames along the longer sides, composed of the vertical columns 
with their webs normal to the trusses, rigidly connected by 
longitudinal beams (Fig. 3.18.b>. or preferably by us|ng two 
vertical longitudinal bracing systems as shown in Fig.3.18.c 


(ii) The Staggered truss system^ 


' It ■■■Sbnf ist^of^trusses located at each floor having 


as 


depth the i, floors height and are supported on facade colu^s 

trusses wil1 be arranged in 
a staggered|manner -, 1 ais shown In Fig.3.18.d, at alternate floors. 
The longitudinal and transversal stabilities can be achieved as 
for the interspatial truss system. 

Str uctural Behavior : 

Fig. 3 .19.b illustrates the deflected shape of an interspatial 
system subjected to lateral wind loads. Trusses being of great 
stiffness with respect to vertical columns, points of 
contraflexure (hinges) can be assumed located at mid-height of 
columns corresponding to free space floors. An approximate 
analysis for predimensioning is given in Section 3.4.8 

The vertical columns will be subjected to moments as well 
as to normal forces. For gravity loads, the columns will be 
subjected only to vertical normal forces, while the truss 
members to tensile and compressive forces. The two cases of 
loadings are to be added together in order to get the maximum 

design straining actions. 




(a) (b) 

Structural System Deformed Shape 


W 


'■ (c) 

/ Fig. 3.19 Interspatial System. 

. i : CQn|ehning- the 'staggered truss system, the deflected shape 
■ two ■' structural systems; of the type 

shown e iiif Eigs. 3.20. ayb; The final deflected shape is shown in 
Fig.3;20ic where the floor slabs are of infinite stiffness, thus 
all nodes at any floor will have equal horizontal displacement. 
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This of course .will force adjacent column-truss frames to act 
together as a unit. The deformed shape of the entire building 
will be somewhat as a huge cantilever beam fixed at the base. A 
good approximation is to consider the columns at the facades 
subjected only to vertical normal forces due to lateral wind 
loads (see Fig.3.20.d). Concerning the gravity loads, columns 
will be subjected to vertical normal compressive forces, while 
the truss members to tensile and compressive forces. 

( Refer to Example 3.4 ). 




Fig. 3.20 

3.3.5 Tubular Systems : 

Description : 

This system presents the main advantage of achieving a 
great rigidity necessary to resist both wind and earth-quake 
loads. The idea behind the tubular systems was simple: a tall 
building resembles a cantilever fixed to the foundations at its 
base and is subjected to wind and earth-quake loads, it is quite 
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logic to locate the corresponding resisting structural elements 
outside at the periphery of the facade (i.e.farthest as possible 
from the neutral axis) as indicated in Fig.3.21. 



(iii 




(1) Core’s Columns. 

(2) Facade’s Columns. 

(3) Free space. 

(4) Exterior Envelop. 


Plan 


■ Columns 


Fig. 3.21 Tubular System. 


The other main advantage of the tubular systems is that it 
allows a free space reserved for different utilizations. 
Generally the vertical columns are concentrated at the middle 
core and at the outside facades, leaving the space in between 
without any vertical structural obstruction element. Generally 
for traditional systems (rigid frames, core type), the distance 
between axes of column is between 3.5 and 10 meters, while for 
tubular systems distance between columns from 15.0 till 20.0 
meters can be obtained. 
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Different Types of Tubular Systems ; 

The tubular system will be divided into two groups: the 
hollow tube system and the interior braced tube one. 


Case (A) : Hollow tube system: 

Fig. 3.22 illustrates the different available hollow type 
systems. Fig. 3.22.a shows the Vierendeel tube system where the 
owl.nrior facades of the building are composed of closely spaced 
columns and beams both rigidly connected together. Each facade 
resists the corresponding lateral loads, the vertical structural 
system behaving as a vertical cantilever beam fixed at its base. 
The interior columns (Core’s columns) are assumed to carry the 
vertical gravity loads only. To be noticed that, generally, for 
the hollow tube configuration we don’t use any interior bracing 
system, the exterior facades being designed to carry the whole 
wind and earth-quake lateral loads. 


For this system of Vierendeel tube, if the cantilever 

behavior is accepted, one can notice that exterior columns will 

be subjected either to tension, or to compression axial forces 

only. The farthest columns will carry greater forces. One can 
. " <ni 

observe that this cantilever modeling is not the true behavior of 

the facades, the real modeling will be something between the 

Vierendeel and, the multi-story rigid frame systems, the 

beam-to-column connections will allow to the vertical columns to 

carry partof |5|he ; moments induced by lateral loading action. 

This system i^vefficient till 60 stories. 

/ v VvV Vi 

• ..v. ■./' I, 

/ y y \! 

The -increase of the rigidity of the Vierendeel type can be 
achieved by addilig/diiagonal members. The shear will be absorbed 
by these diagonals. Fig.3.22.b illustrates this configuration 
where diagonals are used within the rectangular grid of beams 


















Exterior Girders 




(c) Lattice Truss 
with Beams 


(d) Lattice Truss. 


Fig. 3.22 Tubular System, 
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and columns. To be noticed that the added diagonals are capable 
to carry the great portion of the wind loads as well as a part 
of the vertical gravity loads behaving as inclined columns. 

i ‘ 

This structural system is efficient up to about 100 stories. 

Figs.3.22 .c and 3.22.d illustrate the lattice trussed tube. 
Closely spaced diagonals with no vertical columns and with or 
without horizontal girders are composing the structural system. 
The diagonals are of course efficient in responding the lateral 
loads but less efficient in transferring the vertical gravity 

loads to the soil. ^The main disadvantage of this system is the 

tb '?• ft "tik ' >B'' . 

great number .-;|pf|,^|4pints;> existing between diagonals. 


x&i-ya V - $ 

■ ' i An,; apjpip 

■it;-: 

Section 3.4.3. 





sis for predimensioning is given in 




( Refpr to Example 3.5 ). 


Case (B) : Tube in|Tube System : 

If a central core (interior tube) in addition to the exterior 
rigid frames (exterior tube) are utilized, one can consider that 
the lateral wind loads will be resisted by both interior and 
exterior tubes. The floors tying both tubes together will force 
the structure to respond as a unit. 


The share of lateral forces between the central core and 
the exterior frames have proved that most of the lateral forces 
is resisted by the exterior rigid frames in the upper portion of 
the building while the central core will carry most of the 
lateral loads in the lower portion. 

Approximate analysis for predimensioningfor rigid frames and 
vierendeel structures are given in sections 3.5.6 and 3.5.7 
respectively (Refer to Example 3.2. and 3.6). 



























Distribution of Horizontal Forces between the 


. Case of Statically Determinate Bracing Systems of U 


Shape: 

For statically determinate systems, the distribution of 
horizontal forces is not affected by the rigidity of the 


different bracings. The forces applied on each system can be 
osacjijy » a | rit 1 s* l lay applying I ho oipt i 1 i hr i uni p<jupi t i onfl . 


Fig. 3.23 illustrates the plan of a floor where the 
connections between girders and columns are flexible (hinges). 
The slabs are considered rigid acting as horizontal diaphragms. 


If we consider the wind acting perpendicular to the facade 
CD (Fig.3.23.b) the resultant will have its line of action at 
mid-width of facade (CD). The resultant can be replaced by 
the two forces R1 and R2 acting on the vertical bracing (1) and 
( 2 ): 



While for wind acting perpendicular on the facade AD 
(Fig. 3.23. c) the resultant will have its line of action at 

mid width of facade AD. The resultant W_ can be transferred to 

■ - 2 <*■ 

the joint D (position of vertical bracing (3)), by a force R =W 

* . £...v O <6 

and a moment M = This moment can be replaced by two equal 

forces of opposite sense R^ and R 2 : 



Refer’ to^xampl^ 3.7 
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/aamonce .':7foiiV - each vertical .. bracing are 

rigid frame or 

Kean "add diagonals to*the|grid system of columns and girders to 

Refer respectively to sections 3.4.6 , 3.4.7, and 3.4.10 for 
the analysis oftthe;vierendeel and truss systems respectively. 

( Refer to Example 3.1 ). 


-f“" 

k 

?-■ 


■■"f—f—f—i 

4—f"ii —\ 


1 , 2 & 3 Vertical Bracings 






iua 


Fig. 3.23 




3.4.2. Case °f three vertical bracings:- 
(Statically determinate system) : 

For such a configuration, the three vertical bracing 
systems must neither be parallel nor intersect at a point, in 
order to achieve the stability of the structure as has 
been previously outlined in Chapter 1 . 
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Fig. 3.24 illustrates the plan of a floor where the columns 
are connected to the girders by flexible connections (hinges). 

If the wind load is acting perpendicular to facade BC as 
shown in Fig. 3.24.b, the resultant force W will act 
perpendicular to this facade. Its line of action will lie at 
distances b and c with respect to the summits B and C 
respectively. The equilibrium of moments about the summits A, B 
and C allow, the computation of the induced reactions and 

Rg respectively. Thus: 

ini 

s W .a/A ; R 2 = W .b/B ; R 3 = W . c/C 



Fig. 3.24 

Similarly we can compute R^ jR^and R^ for the other two 
cases for wind action perpendicular to facade AB and AC 

Once the forces acting on each vertical bracing are 
determined, one can choose either a Vierendeel, a rigid 
frame, or a trussed-frame bracing system. 














Jtefar te sections 3-5.1. 5.5.3 jhW: 5.5.5, 

for the analysis of the differert strartaral systasss. 

I £s£&r i& IjEan©Is? 3-2 J- 

3.4.3 Case of several parallel vertical br acing: 

(Statically indeterminate system) : 

For statically indeterminate structures, the distribution 
of lateral forces must consider both equilibrium and 
compatibility equations. 

Generally for statically indeterminate structures the 
following assumptions are considered: 

(a) The floors are infinitely rigid. 

(b) The inertia of each vertical wind bracing is constant 
throughout the height of the building. 

Fig.3.25.a illustrates the plan of a rigid floor with four 
vertical bracings disposed at random locations. In order to get 
the share of each vertical bracing responding to the resultant W 
acting perpendicular to the front long facade of the building, the 
structure will resemble to an infinitely rigid beam on elastic 
supports which corresponds to the vertical bracing as shown in 

Fig.3.25.b. The forces R^R^.-.R^. R n carried by each 

vertical bracing will be proportional to its rigidity. This 
rigidity can be measured by computing the force required to 
produce a unit displacement. <1(1 


Define the different notations by the following: 

0 = center of gravity of the rigidities of vertical 

bracings namely C.G. 

E I. = rigidity of the bracing (i). 
i l 
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i=r\;id^1^ance from C.G. (0) to the bracing (i). 

= force 1 carried by the bracing (i). 
s distance from C.G. (0) to the resultant force W 


' -?--f-?- 

"•■ ' ?:.'f } i ' S' Y Vl’r' • ?>'> --^fc i; • : _ mw 

| j— X #*L» ■ nr W-S)M V nV/ ■£¥* tf ''VvIM .'i * ^ 'll " ? " 1 " “ 1 ”T ' X X 

.. i. . - i ®j . ?° r® ■ I_i_Li 

t®1 1 1l * f Lh 1 

it-—-4— : ~4- i—!—i -i- i - t 

|r1 |r2 ! |r3 \fti 




(a) Plan 


i ft 


1,2, 3 & i 
Vertical Bracings 


Deformed-Shape 1=00 


Due to Rotation 



Initial Position 


Due to Transation 


(b) Statical System 

Fig. 3.25 

The resultant force W can be displaced to the C.G. (0) by a 
force W and a moment M = We. Each straining action will be 
treated separately as follows: 


(a) Effect of resultant force "W" applied at "0”: 

"Translation" : 

W will produce forces of the same sense and proportional 
to the rigidity of each vertical bracing: 
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R. 


V 1 ! 


R, 


R^ 

i 


E 2 ’ ^2 


V 


E. . I. V E. . I. 

li Lt i i 


.. (a) 


having E^ = E^ = . E^ - E we get. 


W I 

\ * i (portion due to translation) 

n i = Eif 


(b) 


(b) Effect of Moment M = U. e : 

" Rotation" : 

The moment H ; will produce forces R^ 
distance X i and to the rigidity (E^I^: 


proportional to the 


R i 


•I?*' 


R 2 


R” 


E 1' I 1' X 1 


E 2 .I 2 -X 2 


E rV X i 


•' ■*$*%*■■* : r "«* '“v 


i:>.U S>> ' • 




R" . Xj R 2 ' X 2 
1 « e.. , — .. 


RV . X. 

i i 


• ;.;V "J • '* <*'\*!T'A k i;v JC<— ■ *-• An 


CO 


E..I..XT 
111 




W V e 




V E..I..XT 

“ • i l l 


(d) 


Having = E 2 = 


.E. = E, therefore R. = 

i l 


W . e .1. . X. 

l l 


E 1 ! 


. XT 


(portion of rotation) ....(e) 

From (b) and (d) we get: 

































N.B. : 



If the resultant force is coinciding with the center of 
gravity (0), ! lia port 1 «»n In I ho total inn (relation e), \4 \ \ \ 

vanish and then the forces Hi will follow: 


E 

Once the forces acting on each vertical bracing are 
determined, one can choose either a Vierendeel, a rigid frame or 
can add diagonals to the grid system of columns and girders. 

Refer respectively to sections 3.5.1, and 3.5.2 and 3.5.5 
for the analysis. ( Refer to Example 3.3 ). 


3.4.4. Case of one vert ical_ bracin g and several _ vert ical , 

columns (Statica 1ly ind etermin ate system): 

Consider the configuration shown in Fig.3.26. The 
rigidity of the vertical bracing Eolo is, assumed to be 
infinitely rigid compared to the rigidity of the vertical 
columns. Consequently the center of rotation of the structure 
will be situated at the middle of the vertical bracing (0). 
These assumptions will lead to the following: 

(a) The portion of translation will be entirely resisted by the 
vertical bracing at (0) 

(b) The vertical columns will resist the portion of rotation 
■ created by the eccentricity of the resultant "tof the lateral 

wind load action (W.e) 


Define the different notations by the following : 

0 = the center of gravity of the bracing, rigidities. 
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E i = summation of the rigidities of columns at the ith row 

1 distance between the center of gravity "o« and columns 

k i 

nf the ith row. 



e 


n 


= forces carried by the columns of the ith row. 

= forces carried by the vertical bracing at CO) 

= distance between the resultant (W) and the center of 

gravity- (0) 

= number of rows# 


Row (1) Row (2) Row (i) 

• ! i 


lo J 


1 

I 

i 

i 

0? 

Vertical ! 

Xi 

41 

— 

M l- 



• ■ 4 

1 

i 

1 2 IlI 

pd . H 

lo , 

I. 

L? . 

Bracings i 

Continous/ 

Columns 

low 3W 
20 28 

b/3 

1 

b 

l 

J w 

/3 

6W 9W 1 

20 28 

b/3 | 


Fig. 3.26 

The rotation will induce the following forces 


□ Column 


«i = K E i h x i . 1 

where K = factor of proportionality. 

Applying the equilibrium of forces and moments we get : 

n . (b) 

w = E R i 
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W.e = V R. X. 
1 1 1 


As in the previous section we get: 


W.e I. X. 

l l 


y i. x 


r = w - y ; r. 

i 1 


Applying (d) in (e) we get : 


‘iX. 

R =11(1---— ) 

o n 9 

V I. X 

1 1 1 


. (f) 


The forces induced in the different columns and the vertical 
bracing at ( 0 ) can be computed by applying in relations (d) and(f) 
respectively. 


Applying.in relations 0 (d) and (f) for the configuration shown 
inasstuning I- = I 2 = I 3 = I, we get the following 


disfei 






h ( 5 )2 + J 2 ^ + *3 (b)2 


= 3W/28 


R 0 = 6 W /8 ; R„ = 9W/28 ; R = 10W/28 

z • 3 o 


It is evident that for equal columns rigidities, the 
distribution of forces does not depend on their rigidities. 
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This will be valid only if the inertia of columns is small 
with respect to the inertia of the vertical bracing. This is the 
common situation in steel constructions. 

For lo ng front sides, the use of this configuration is not 
recommended, the farthest columns from the vertical bracing will 
respond to considerable forces and the previous analysis is no 
jonjjer valid* 

Once the forces acting on each structural systems are 
determined one can choose for the vertical bracing either a 
rigid frame, a Vierendeel or a column-truss frame (Refer to 
Sections 3.5.1, 3.5.2, 3.5.5 respectively). For the vertical 
columns, the induced additional forces R^, R 2 and R 3 computed by 
relations (d) and (f) are to be added to the gravity forces 
induced in these columns. Refer to Example 3.4. j 

3 .4.5 Cas e of building composed of a central core : 

Fig.3.27.a illustrates a steel building composed of columns 
and girders attached by flexible connections and a central core. 
Only the central core will respond to the lateral wind forces. 

Due to the unsymmetrical geometrical configuration, the 
core will be subjected to bending and torsional moments. 

The procedure previously outlined in sections 3.4.3 and 
3 . 4.4 can be applied in order to determine the induced straining 
actions on the central core. 


The center of gravity ”o" can be computed as follows: 


x .JLA. 

o I * I 3 


a • X 4 

and Y = —— j — 
0 l 2 + X 4 
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The deformation pattern can be replaced by a translation 
portion and a rotation one as shown in Fig.3.27.c. ^ 
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Portion of Translation 

U _ _ 


JSnd R"i I ‘U- 13 (Ha a 

I la 




■H 


Jlxterior 

Envelop 


Portion of Rotaion 


M-We 

1 $ y t Ra 
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(a) part of Translation (Fig-3-27d) 


W. I, „ w - A v N 

R ! = - i, + — ; R 3 = I. n - ; R 2 " R 4 " ° 


A 


1 '3 

( b) Part of rotation (Fig.3.27 .e): 

Internal forces on different faces of core: 


n v 


K XT, f R” = K Y o I ?i 


K.a. I?. 1^ 


* F 4 


R 3 = K ^“V *3 , 


K.a.I„.I 


R 4 = K h = —Ip i 4 


2 4 - = R" 


where K = the factor of proportionality. 


Equating M exterior = M interiqr , we get : 


W . e - - RI X. + K Cb " V + R ; b 


1 o 


W . e = K 


[ X; ,I 1 + (b-X o r I 3 + Y Q .a.I 2 ] 


.e., K = W . e / A 



the different faces will be 
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For the structural building system shown in Fig. 3.27 we can 
obtain tht following distribution of forces: 


_ w w _ w 

1 ~ 2 " 4 " 4 



R 3 = 3W/4 , R 4 = l 


where a = b, d = b /2 and I^-I 3 “ ~ 

once the forces .acting on each face of the core have been 
determined. One can design the steel structural elements 
composing the faces according to the following: 

(a) Faces composed of multi-story rigid frame of generally two 
bays: refer to section 3.5.1 

(b) Faces composed of a Vierendeel structure with only one 
bay: refer to Section 3.5.2 

(c) Faces composed of a trussed-frame (i.e diagonals are added 
to the, grid system of columns and girders): refer to 
section 3.5.3 Refer to Example 3.5 and 3.6 


3.5 Approx imate Methods of Analysis for the Different Structural 
Systems: 

3.5.1 Approx imate Methods of Analysis for predimensioning for 
the Rigid Fr ame Structures : 

A rigid frame structure of several floors where columns and 
girders are rigidly connected together is a structure of high 
indeterminacy. For vertical loads an approximate method is 
based on the assumption that for giraers, points of the 

inflection are at one-tenth of the span measured from each 
support. This assumption will lead to a statically determinate 
struct’jre under vertical gravity loads. ( Refer to VOLUME IV). 

While for lateral loads the structure will behave 

# 

differently Fig.3.28.a, illustrates the deformed shape of 
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rigid frame of several stories. Points of inflection are 
observed to be at mid span and mid height floors for girders and 
columns respectively. 


If this aspect is utilized, we proceed with the so-called 
"PORTAL FRAME METHOD" which is considered as a good 
approximation if the following conditions are satisfied: 

( o ) IJ»e ti iriiij Lure la cumpoucti u t regular geometrical bents. 

(b) The height-to-width ratio is less than 5. 

(c) Variations of girders spans and columns heights are small. 
Cd) The ends of the building are of equal rigidities. 

(e) The optimum building height where the portal method seems 
to be efficient is 25 stories. 


In order to apply, the portal method, the following 
assumptions are made: 

(a) The rigid frame is the only structural component allowed to 
resist lateral loads. 

(b) The deformed shape of Fig. 3.28. a, is such that the points 
of inflections are situated at mid-height and mid-span of 
columns and girders respectively. 

(c) The whole structure can be decomposed to independent 
statically determinate portal frames as shown in Fig.3.28.b 

In order to understand the technique of the portal frame 
method let us consider the.three stories three bays rigid frame 
shown in Fig.3.28, and then proceed as follows: 

(a) _ponsid^^pointsof inflectiqns at mid-spans and mid-heights 

for%irders and coTumris- respectively. 

(b) Start the analysis from the upper floor as shown in 

mmSi 
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Fig. 3.29 
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This means that the interior columns do not carry any axial 

Wh 

force due to wind action (Y_. = Y„ . . _ = Y„^ ^—), While 

34 11-12 15-16 2L 

the exterior columns will carry the moment induced by the wind 
load 


ie - Y 34 = Y 15-16 


w 3 .h 

2. L 


(e) 


Applying V Moment about 0. Q ; 0 o 0,,- = zero, for the left 

4 — o o — 12 12“*lo 

part of each structure we get: 


X 


344 


V L 1 

TSTv 


a X 


7-8 


x_ Q _ fr 2 v \ 

7 ' " 2L “ -11-12 


X U-12 = 2L = X 15-16 ..... (£) 

.... ... , 

,jthe. horizontal reactions at 0. 

0.U' ^Sjapca^c ompyted os mg relation (a) in (f)and then 
summing the, corresponding yalues of the different bays “we get : 


7-8* 


*7.-8 = “S ( V V 

> i. (! ; ; ' '■' ■■ 

...'•'' ."• ?•':•' 'fey!'-' - : v ’’.V •; W_ 


11-12 


-zr a 2 + V 


. Cg) 


Form (b) and (g) we can deduce that: 

Each portal bay will carry a portion of the wind load 
proportional to its span. / 

The interior columns do not carry any vertical loads while 
the exterior ones will carry the whole couple induced by the 
wind load. 

The total wind load is distributed to the columns 
proportionally to the floor area that each column resist. 
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(d) Once the reactions of the upper floor are calculated, one 

can proceed similarly for the lower floors till the soil 
level. 

Refer to Examples 3.7 and 3,8 

Analysis of Rigid Frames Resembling to Vierendeel 
Structures : 

The analysis of Vierendeel strim turns has boon previously 
given in section 3.14. of VOLUME I 

It consists to use the same idea of "Portal frame method" 
where hinges are assumed at mid-span and mid height for girders 
and columns respectively. 

For more details consider the structure shown in 
Figs.3.30.a,b where for the transversal stability a cantilever 
Vierendeel structure, achieves the transversal stability while the 
longitudinal is achieved by vertical bracings or rigid frames of 
vierendeel structures ( Figs 3.30.c,d,e ). 

Assuming wind loads acting as concentrated loads (W) at 
column-to-beam joints (W = P w X \ X h), the structure shown in 
Fig.3.31.a, can be analyzed as follows: 

(a) Consider hinges 1, 2, 3,..., 11 at mid-heights of vertical 
columns (Fig.3.31.a) 

(b) Consider hinges 6, 7, 8, 9 and 10 at mid-span of horizontal 
girders (Fig.3.31.a) 

di' 

'(c) start the analysis by decomposing the structure to an upper 
and a lower part at levels of hinges (1) and(ll) as shown 
in Fig. 3.31. b. 

(d) Using equilibrium equations for the upper structure: 

I « 01 = o 


























jjj CHAPTER 3 _ 255 

: ' ’ '■ : . . ' : (III 




“X 


h 




h 



/ 

h 




h 




h 


*fc m 

m * 

h 

m. 1 - ■ 


i b 1 


(b) Elevation. 


(1) Girders with Flexible 
Connection. 

(2) Vierendeei Struture. 

(3) Vertical Bracing. 



(c) Vertical Bracings. 



(d) Rigid Frames. 



Fig. 3.30 


























































X 1 = X il = 2,25 W ....... (b) 

(e) Applying the same procedure in the upward direction the 
reactions shown in Fig.3.31.c, can be computed. 

(f) Once these reactions are known, one can determine the 
bending ^moment, normal force and shearing force diagrams as 
shown in Figs.3.31. (d), (e), and (f) respectively. 

( Refer to example 3.7 ) . 


Concerning the longitudinal stability this can be achieved 
by one of the following concepts: 


(a) If the facade longitudinal girders are rigidly connected to 
the facade columns, the structure will behave as a frame as 
shown in Fig.3.30.d. The approximate analysis is as 
previously outlined in Section 3.4.6 

(b) If the facade girders are connected to the facade vertical 
columns by flexible connections, four vertical bracing 
systems are to be added as shown in Fig. 3.30.c 

(c) If only the columns and girders are rigidly connected at 
the two exterior bays, while for the intermediate bays the 
connections are flexible as shown in Fig.3.30.e one can 
consider four vertical cantilever Vierendeel structures 
responding to the longitudinal wind loads. The analysis 
is similar to the structure of Fig.3.31. 
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On the other hand, if we consider the structure shown in 

Figs.3.32.a,b one can easily deduce that the gravity loads will 

be transmitted by the Vierendeel system shown in Fig.3.32.c The 

Vierendeel is a simply supported beam, where for symmetrica] 

loading the slope at mid-span is zero. The analysis can start 

at mid- span by decomposing the Vierendeel to two symmetrical 

parts. One can continue the solution moving to the left till 

the supports (see Fig.3.32.c) The corresponding bending moment, 

1 '' J ' CC and free diagrams are illustrated in 

Fig.3.32.(d),( e ) and (f) respectively. 

Refer to Examples 3.9 and 3.10 

3 ' 5 ' 3 for sta „^ eM 
Interspatial Truss-Frames : 

Let US C ° nSider the staggered truss-frame shown in 
ig.3.33.a. as has been previously outlined in Section 9 3 4 
the structure will behave as a vertical cantilever beam fixed'a^ 

. 8r ° Und l6Vel tD the foundations. The horizontal 
russ girders being of great stiffness, one can consider hinges 

a nu -height of columns, for horizontal wind action as 
illustrated in Fig.3.33. c 

Fig.3.33.d, illustrates the vertical w • 

vertical and horizontal 

start"fr ^ ^ ^ Resolution ™st 

“ pp,r “ II ™«•» « 


w - q.C .k.h.S 

. • ©■ 


X 6 = X 5 ” 5 + W) = 0.75 W 




( Refer to section 1 . 5.1 ) 


( E X = °; x 5 = x 6 ) 


( E m 05 = 6 } 
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(a) Elevation. 


Even Frames 


as 


Odd Frames 


CHAPTERS 




SBaSBB 


Xg +X 4 +X 
X 3 +X 4 +X 


nsaaa 


—y - X ! 2 +X 3 +X 4 +X 9 
\. 

W , 

1 - X a +Xg+X 4 +X 9 

w 

\\A7: 

V 

X j +Xg+Xg+X^+X| 

w/2 ~p X,+X 8 +X a +X 4 +X. 

Fig. 3.33 

(d) Analysis. 
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Similarly we can deduce: 

X 4 = X ? = i (3.5 W) = 1.75 W 
Y 4 = Y ? = 13.5 (W.h)/b 
X 3 = X g = 2.75 W 

Y 3 “ Y 8 = 30 - 5 
X 2 = X g = 3.75 W 

Y 2 = Y 9 =56.5 (U.h)/b 

X 1 3 *10* 4 ‘ 7S M 

Y 1 = Y i 0 = 90.5 (W.h)/b 


The bending moment, normal force and shearing force diagrams 
for the left' column are as shown in Figs.3.34.a, b and c 
respectively. ( Refer to Example 3.11 ). 
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0.375—i jjM . 


1.125 


2.375 


4.125 — 


8.125 — 


8.375 


11.375 — 


15.125 


19.375-— 


24.125 — 


11.3W 


18.1W 


19.375 


18.1WI 


' s ^ / 8.825 

18.1 


N.F.D. 


0.75W 


13.25W 


13.25W 



4.75W 


0.325W 


1.625W 


3.825W 


6.625W 


0.375Wh< 


1.25Wh 


2.375Wh- 


4.25Wh 


10.875W 


8.625Wh 


0.376WH 


>l.25Wh 


2.375Wh 


4.25Wh 


•fl.825Wh 


S.F.D. 


B.M.D. 


Fig. 3.34 Column in the Wind-Ward Side. 
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3.5.4 Approximate Method of Analysis fo r Hollow Tube Building 
Systems: 

3.5.4.1 Exterior Walls Acting as a Cantilever Beam : 

The ideal case of a hollow framed tube system is to use 
closely spaced columns at the periphery, the exterior walls will 
act as a unit responding to lateral loads behaving as a 
cantilever. Fig.3.35.a illustrates the configuration of a hollow 
f» oinc.il I who ayal.cm wlicrc (.lie columns arc analogous to the libers 

of a beam responding to pure axial tension or compression 
forces. 

Define the different notation by the following: 

L = total length of the building. 

B = total breadth of the building. 

m = number of columns on one side in the L-direction. 
n = number of columns on one side in the B-direction. 
s = spacing between columns in both directions. 

X.= distance from the neutral axis to the ith column in the 

\i i i 

ji B-direction. 

i] h = height of floor. 

' 

t ?• , 

| H = total height of the building. 

(iii 

Assuming a wind left action i.e wind acting on the left face 


m 


of length L, one can compute the wind pressure on both windward 
and leeward sides as follows: 


tftw.s ^ (wind ward) 


- + 0.8 q.L.H (pressure) 




W L.s -W (Lee ward) 0,5 q * L ' H 


JH PVn . = Exterior Moment = (W + W T ) . - 
m. EXT L.s 2 


. (a) 

(suction) 

..... (b) 
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•- .. 

Applying the.?ti^. : ^eqyatw: (see Fig. 3.35. cj 




.■ »> j- ** ■ : -: • <- 4 




n 





(c) 


i=i C1 


(d) 


tr ail ealumns bfg assumed to Have the same cross sectional 
area at one floor level (this is not true, the corner columns 
are generally greater), we get: 



Using (e) in Cd), We get: 



n 


2 Z X7 + m B /2 ) 


i=l 


(e) 


. (f) 


Using relation (?) and (c), the compressive force N c can be 
determined as: 



(g) 


( Refer to Example 3.12 ). 

3.5.4.2 Exterior Walls Acting as a Rigid Frame : 

In fact the true behavior of the exterior walls lies 

somewhere between the cantilever and the rigid frame. For the 
analysis of rigid frames. Refer to Section 3.5.1 

3.5.4.3 Ext erior Walls Acting as a Trussed-Frame : 

If diagonal members are added to the grid system of 

vertical columns and girders, these diagonals will carry the 

lateral forces in axial action either in tension or compression 

depending on the configuration of the diagonals. 
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3.!>.5 Analysis of Truss Systems : 

Vertical truss systems for building structures are typically 
the same as for halls. The structural system is either 
statically determinate or indeterminate. 


For determinate systems one can use the equilibrium 
equations (£ X = 0, £ Y = 0) for the determination of the axial 
Uh61hh nr- In structural members of the 

truss. 


While for statically indeterminate systems, refer to Section 
1.3 where an approximate method of analysis has been previously 
outlined. 

3.6 The SI Determinatio n of the Rigidity of Vertical _Bracing 

v.^A"“ ‘ J^y.■,■> -v ' v■ ' -•■ ■■. ' ' ^ ' 

General^ the vertical steel bracing responding to wind 
action ,will ^e; 3 one., of,vthe following systems: 

' r.-;: .-.-f ■■ ■■■ • • . 

(a) A truss system. 

(b) Vertical columns fixed at the ground level and behaving as a 
vertical cantilever beam (tube in tube system). 

(c) A Vierendeel 

In order to make use of the formulae deduced in sections 
3.4.3, 3.4.4, 3.4.5, for statically indeterminate system, one 
must calculate the inertia of the corresponding system about the 
axis of bending according to the direction of wind action. In 
the following sections, methods for the calculation of the 
rigidity for the different structural systems are presented. 


3.6.1 Truss Systems: 

3.6.1.1 Rigidity of an arbitrary Vertical Truss System along 


its height: 
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- As a th. rigidity of • br “ lw 

>rrespond t. th. required applied fore at * joint » 

,t.i„ a unit displacement in the —e direction as that 

j 

>plied force. 

For the calculation of the rigidity of truss vertical 
-acing systems we will proceed as follows: 

„ ,„Uh,U the truss bracing by an equivalent cantilever 

beam. • _ 

s) By equivalent cantilever beam we mean a beam inducxng 

deflection 6. due to a load « at a similar ~ 

shown in Fig.3.36. _ n . 

Calculate the deflection 5 due to a unit loa 
f or both the truss system and th. cantilever beam. 
d , Equate both values of « and deduce the equivalent inertia 

of the cantilever beam 

• fn v»#» reoeated as much as there are 
e) This procedure is to be repeated 

horizontal floors 

„ Compare th. obtained inertias to deduce whether th 
equivalent Inertia 1. is een.tant throughout th, height 
of the building or not. 

. . mnr . p urecise let us consider the truss system 

In order to be more precise 

shown in Fig. 3.37 • ; 

Calculate the deflection S of the truss system shown .In 
Fig.3.37, due to a unit load <'>* *t J oint (6 >- Tb ‘* ‘ 


educed by applying Maxwell’s theorem: 


n L. 

s = L A i E 



ifgg 1 SillklilSl 


" V " " r 
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§® 



Deflected Shape 


W 



Equivalent Cantilever 


Sec. A-A 


Sec. A-A 


Fig. 3.36 



Av = Cross Sectional—Area of Vertical 
Members. 

Ah = Cross Sectional-Area of Horizontal 
Members. 

Ad - Cross Sectional-Area of Diagonal 
Members. 

= Length of Truss Element (i). 

Mj - Induced Force in the Truss 

Element (i) due to W=lt at ith 
Floor. 

h = Height of Floor. 


Fig. 3.37 
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N i L i 

i.e, 6 will be equal to the summation of - for a11 

horizontal, diagonal and vertical members given in tables 3.1 
and 3.2: 

Table 3.1 



b* E A d 


III 


isms 
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Calculate 6 of the equivalent cantilever: 
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3 El 


125 h 


CW ,= .1 t; L = 5 h) 


t «•• 125 h? S 


^equivalent) 


, r 85 „ 3 . 5b . 5 (h^V 22 

*T7 V K ■ Tr. . 


.... (b) 


......(c) 


By a similar procedure one can calculate the equivalent 

inertias corresponding to floor levels (5), (4), (3) and (2)which 
% 

are as follows: 


e(5) 


_ 64 h _ 

3 [ 44 h 3 + 4b + 4(h 2 +b 2 ) 3/2 
b 2 A.. A, b 2 A . 


....(d) 


e(4) 


, 19 ti 

,2 A 
b v 


, 3b ^ 3 (h 2 +b 2 ) 372 , 
a~ - ;-J 

h b 2 A. 


e(3) = 


3 [ t i T + ^ 

V 


2b + 2 (h 2 +d 2 ) 3/2 


b 2 A 


...(f) 


e(2) 


b A 

v 


(h 2 +d 2 ) 3/2 
b 2 A. 


...(g) 















Comparing CO, Id). Co), CD ^ <8> »' d “''“ lMt * ‘™“ 
system c*»»t be replaced by an equivalent beam of constant 

inertia. The Inertia depend, on tb. floor level "here the 
rigidity 1. calculated. Ibis can be attributed to the deformation 
of tb. jingo® ime-ber. of tb. truss which cannot be neglected 




(sheari 








■3 ; 6' t>i ca 1 Common Trus s Bracing Syste n \s . 

' ’ ‘-The procedure previously outlined in section 3.6.1.1 for 
the N truss system have been utilized for the three truss systems 
shown in Fig.3.38. in order to determine the rigidity of each 
system at the different floors composing the building. 

The matrix approach was used to determine the horizontal 
deflections 5 , corresponding to a horizontal load W applied at 
each of the floors (i). The equivalent inertia l e(i) at 


distribution of horizontal lateral wind 


one floor to the other. 



Fig. 3.38 











each floor for the three systems have been determined. Table 3.3, 
illustrates the different rigidities of the three systems A,B and 

C where: 


j = the corresponding truss system A,B and C 
i = the floor level 1,2, ...,6. 

I,, bp not \ Umi Mip v*H»p* o»1««Uptpd tn tablp 3,3 
based on the following cross-sectional areas: 

(a) All vertical members are identical and correspond to the 
required cross section of vertical columns in a six floor 
building based on forces induced due to gravity loads only. 

(b) All horizontal members are identical and correspond # to the 

cross section of horizontal girders of the six floor 
building based on straining actions induced hie to gravity 
loads only. ' 

I Table 3.3 


FLOOR 

LEVEL 

(0 

I <e) j / % 1(e) j 

I 


> B ^ 

c 


• •' $ 

8 

[$0.3304 

■!. i -f 

0.343 


1.0 

5 

0.3318 

0.35 

0.317 

1.0 

4 

0.3428 

0.35 

0.308 

1.0 

3 

i 0.34a 

0.3559 

0.30 

1.0 

2 

0,354 

0.356 

0.288 

1.0 

1 

0.338 

0.373 

0.287 

1.0 
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Cc) Diagonal members have been designed for each system based on 
the stiffness condition CL/i s 300 and 200 for tension and 
compression members respectively) 

From table 3.3 one can conclude the following: 

(a) Statically indeterminate truss systems show a greater 
rigidity when compared to the statically determinate one. 

(b) System (B) is more rigid than system (A). This can be 
attributed to the fact that system (B) contains the greatest 
number of diagonal members. 

(c) An acceptable approximation is to use equal rigidity for all 
vertical truss systems. This is due to the fact that the 
rigidity of any vertical truss system is too large as 
compared to a rigid frame system of the same height. 

The inertia can be represented by a concentrated mass at the 
position of t the system and their centers of gravity can be 
determined as shown in Fig.3.39. 
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i f, 1.3 Distribution of^Forces: ^ 

The pr.vi.hh W»U« «“ "* “ ed “ ‘ ^ „ f 

lateral „ „d load V, considered passing through «» * 

-«. — ■»— u - no 

rotation exists) 

.th 

This means that the resisting system of forces at the x 
floor can be calculated as: 

p, a H 2 .K 3 — »J -V" 

Uh.re „ is the total ni»ber of vertical truss »d 1 

..at the 1 th floor aad the j“ system, re.pectivel,. 
and j represent the 1 

If the lateral w ind^o^ i isjiot_pass^^ 

(B) Consider same rigidities for all truss systems equal to 
( I ) . 

Fro. the geometrical configuration of the pl» **> 

building determine the position of the center of gravity 
by taking the first —»t of th. rigidities about on. of 

the edges of the building. 


(c) Determine the 


corresponding eccentricity e (see Fig.3.39). 


(d) Determine 


the induced moment (M - ^.e) 


(., Determine the induced reactions .C due to th...o..nt by 
annlving the relations previously given In section 3.4.3. 
















iwiiraii 


together in order to calculate 
the different members of each 


e,added 



3.6.3 Vierendeel and Rigid Frame Systems : 

Vierendeel system is a one bay rigid frame structure, which 
follow the same analysis of a rigid frame system: 


3.6.3.1 Analysis : 

In order to determine whether or not the rigidity of such 
systems is constant along the height of the building, the same 
procedure as for truss systems has been utilized. Proceed as 
follows: 

(a) Three vertical bracing systems were chosen (Fig.3.40): an 
edge two bays rigid frame (System A), an intermediate two 
bays rigid frame (System B), and an edge Vierendeel 
structure (System C). 

(b) Vertical and horizontal structural elements are designed 
according to gravity loads only. It is evident that system 
(B) being intermediate will require the heaviest cross 
sections. 

(c) A lateral load W = 1 ton has been applied at each floor 
level. The corresponding horizontal displacement have been 
calculated using the matrix approach. 
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System (A) 


System (B) 

System {C) 

it M 

a 


ii. ii 

D 

ii ii 

C 



Fig. 3.40 


The £; ySprT'esROhding 

equivalent 

inertias are given 

- •. • ?iv ■:; ;T ■ ■■■ ■ •■ 

in table 3.4, 





« *idz, :■ ixi-o 

>#y ; jV^ '• : S'. $. v • 

V', .■*?: ' •• t'i'* 

v:‘" : '■ 



■r Table 

3.4 



FLOOR 

LEVEL 

(i) 


1 00 j 


t-. 1 ( e ) i 


1.339 
.333 
0.334 
0.336 
0.337 


0.489 

0.482 

0.474 

0.464 

0.444 


0.182 

0.185 

0.192 

0.20 

0.219 
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From table 3.4., we can conclude the following: 





(a) Systems (A) and (B) of the rigid frame two bays structures 
are more rigid than the Vierendeel one. 

(b) System (B) is more rigid than system (A), the vertical and 
horizontal structure elements being of greater cross 
sections. The induced straining action for the intermediate 
system (B) are greater than those induced in the edge system 
(A) where the dimensioning is based on gravity loads. 

..: ■ . ■ dli 

(c) One can observe that the rigidities of each system are 
approximately the same along the same floor all through 
the height of the building. 

(d) The rigidities of the different systems differ from one 

other contrarily to the truss systems.This can 

to |||fe deformations induced by the horizontal 
^^^^I^Ssses' the whole system is of great 
the configuration of diagonals. 

is the constant 

as along the height of the building. 


To facilitate the calculations one can use conclusion (e) as 
follows: v 

(a) Choose an arbitrary floor (e.e., the i^ level). 

(b) Apply a horizontal load W = 1 ton at the floor level (i) and 

calculate 6 for the different structural system 6 for 

,:- ! T 1 iJ 

J =A,B and C 

(c) Calculate the equivalent inertias 1. . . and then the ratios 

c (e)j 



/ E 

J=A 


I 


(e) j 


Get the distribution of the lateral load R. . as follows :- 

ij 


(d) 










(e) If the lateral load is not passing through the center of 

gravity of the different rigidities, moment (M = W^.e) 

will be induced and consequently additional reactions . 

\ 3. J 

(f) Forces R.. and R..are to be applied at the different floor 

Ji Ji 

joint levels of the different systems.! Refer to Example 
3.14 ). 

3.7 Further Considerations Concerning Bracing of Buildings : 
3.7.1 Stability During Erection: 

In the preceding sections the longitudinal and transversal 
stability have been achieved by different horizontal and vertical 
bracing systems. The proposed systems assume a constructed 
finished building capable to respond to the corresponding 
utilities. 

It is to be noticed that during construction the horizontal 
slabs, considered very rigid and achieving the function of 
horizontal bracing, are not immediately constructed. To be added 
also that the beam-to column connections may be chosen flexible 
which does not create any rigidity capable to respond to 
horizontal deformations. For these reasons, one may conclude 
that the use of temporary erection wind bracing is essential. 

Fig.3.41.a, illustrates a floor where the horizontal slab has 
been achieved | ensuring the required stability. Fig.3.41.b. 
illustrates a ’horizontal floor composed of crossing beams 
attached?tofthe^c^|umnkehy flexible connections where the slab 
was 1 not-' yet'^constructed; ^ ‘This configuration will allow 
KnsicteraKf'- ; a:ctiori" of horizontal ' loads. 
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Finished 

Building 


A 

i 1 r 



- Initial Position 

-Deformed Position 


M)~ 


(l) RiC. slabs. 


Erection 


6 ^T/niform 

Translation". 


Unstable 




(3) horizontal Load. A A 

Sec. A-A 

(4) Vertical Bracing. 

Fig. 3.4i 

: f allow the stability of the building 
during-. q^|Jr.uction 1 thes«? systems are as given below: 

(a ^ ®f%^r u 9 ^^ ? /cari be braced at each floor level using a 
temporary hor izonta1 bracing, achieving the function 

of horizontal slabs. 


The temporary horizontal bracing can either cover totally or 
partially the horizontal floor under consideration (see 
Fig.3.42.a,b). 

To be noticed that the erection of the structure is achieved 
from the left side to the right one as indicated by the sense of 
the arrow. However, for both configurations the construction of 
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the vertical wind bracings is immediately achieved whenever during 
erection a vertical bracing system is met. 



(b) For moderate height buildings, vertical temporary bracing 
may be utilized to achieve the stability during erection 
(Fig.3.42.c) , while for tall buildings temporary as well 
as horizontal bracing systems can achieve the stability 
during erection. Notes concerning the direction of erection 
as well as the construction of the essential vertical bracing 

systems are to be respected (see Fig.3.42.d). 


For all the configurations illustrated in Fig.3.42/' the 
program of erection considers the following 


Bij' . ;\. > ' 

iFlrst, the construction of the whole steel structure with the 


Corresponding t^^ary,erection bracing is achieved, Second,the 
labs are then cakt in situe. 


i possible, for some cases, to proceed the 
iys^SS||ha|iis‘:.1;o say that the construction 

slabs are cast in situe 


fp nstructtc^^S 

Immed^te^^^^^^^eiSlK^Sb^'of the steel skeleton of the 
corresponding f I5or: Generally if this system of erection is 

S adopted, there are no need to use temporary erection bracing 

mr-- ■ ■ ■ ^• 

. sy s tern.. ’ ” rv ” ■ * rr ~l" . r * j 


Fig.3.43. illustrates the sense of erection, with the 


corresponding stages of construction. 


Actually, the new trend uses steel decks instead of reinforced 
concrete slabs where first the steel deck profile is realized on 
which concrete is cast in situe. This steel deck is achieved at 
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the same time as the steel skeleton of each floor which allows a 
platform used efficiently for workmen circulation. If this deck 
steel is sufficiently attached to the corresponding steel girders 
of thefloor system, one can consider the steel deck achieving the 
function of temporary erection bracing. In a second stage the 
concrete is cast in situe on the steel deck. 


Vert ical 

Bracing 



i Contour of Finished 
' Building 

Erection of Skeleton 
Without Horizontal 
Bracing 


Slab Cast insitue 


3.7.2 Eccentricities Induced by Bracing Structural Eleme nts; 

As has been mentioned in the previous sections, one can 
observe that the most common type of vertical bracing is the 
truss system. 


(a) 


The truss system must achieve two main conditions: 

, <Hi 

Different tension and compression structural elements 
composing the vertical truss bracing system must form a 
one-plane structure. 

(b) The different axes of the structural elements must 
intersect at the joints of the truss system. 
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If these two conditions are not satisfied, additional stresses 
are created, and must probably be taken into consideration lor 
the choice and design of the wind bracing structural elements. 

Fig.3.44.a Illustrates an example of a vertical wind bracing 
system where the structural elements composing the system are not 
intersecting at the same joint. Eccentricities on both the 
vertical columns and the side horizontal struts will induce 
additional moments, thus inducing flexural stresses. 


Figs.3.44.b,c illustrate the additional induced moments for 
both the vertical column and the horizontal struts. 
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Example (3.1) : 

For the shown five stories steel residential building, find 
the distribution of wind on the wind bracing systems for both 
the transversal and longitudinal direction. 

Solution 

q x—~ Uew«rd(C e «-<).&) q 







!<» 

i 



I 

(2)! 

i 




(3) 




Wind ward(Cg - +0.0) 


Wind 



8.0 

» ' i '■ ■ m 

System (1) 



5.0 

System (2) 


Longitudinal 

Direction 



8.0 

» l . . m 

System (3) 


Assume wind load intensity q = 80 kg/ni ( Alexandria ) for 10 

2 

ms height and for the remaining height q = 1.1x80-= 88 kg/m 


(1) Wind in the Transversal Direction ( W^ ) 

C = 0.8 ( wind ward pressure ) ; C = -0.5 ( leeward suction) 
e - e 


u - u 
IT 2T 


40 x 3 x 0.80 x 80 


1000 


=7.68 tons 


Wind Load/floor (1),(2) 
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The wind load W will be distributed among systems (1) & (2) 
according to their location from the mid of the face (AB). 

R * 7,6 3 2 X 12 = 2.88 tons ; R 21 = 1 '*%2 20 = 4 * 80 tons 


(i) 


' ■: tm *%€ ' iv- 

. ;,i1 LL _U 1, 

■Tv Bi 






(?) 


■/ * f ’ 

.V' : : 






Equivale nt 

Beam 


Similarly : - 


W t =7.68 ton 


„ _ , 2.5x40x0.8x80 + 0.5x40x0.8x88 , „ 12 _ 0 f ^ MC9 

13 = 1 1000 } • 32 ‘ 

( 2.5x40x0.8x80 + 0.5x40x0.8x88 . 20_ = 4 88 tons 

K 23 “ 1 1000 } X 32 “ * 

,3. 0x40x0. 8x8812 A 3.0x40x0.8x88,„20 _ c OQ A 

R 14 =( -1000- )x 32 =3 ' 168 1 ; R 14 =( -1666- )x 32 ~ 5 - 28 * 


R 15 = °' 5 R 14 


R 25 = °' 5 R 24 


The wind loads on systems (1) & (2) is given below. 



System (1) System (2) 
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(2) Wind in the Longitudinal Direction C W. ? ) : 


W 1L “ W 2L 


15 x 3 x 0.80 x 80 
1000 


= 2.88 tons 


Wind Load/floor (1),(2) 


The wind load W will be transmitted to system. 

J. <L 


(3) By a Force R and moment. Mj Whore? 

The moment (M) will be resisted by an equivalent couple 
acting upon systems (1) & (2) as illustrated in Fig. below : 


R 31 " R 32 = W 1L = W 2L = 2 ’ 88 t0nS 

M - WiL * 7 '5 . 

i (20 + 12) 


- 2-38 x 7.5 

R 11(M)* R 21 (M) (20 + 12) 


0.675 tons 



32.0m 


.'.The distribution of wind load W^ on systems (1), u; « 
(3) will be as follows: 
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n 07f» / 


\ 0 42P 0.07B 


System (1)= 
Syst(3)xJ|. 


X O 'l 12 


System (2)= 
Syst(3)x||- 



System (3)' 

W iL 


Example (3.2) : j 

For the shown 5 stories steel building, find the wind load 
distribution along the bracing systems for all possible wind load 
directions. The beam-column connections are flexible (hinges). 

Solution 








System (1) System (2) System (3) 
























































pi 


Assumewind load intensity — 80 kg/m 

Case (1): Wind ± to Face AB ( Stories Cl),(2) - windward side ) 


25 x 3 x 0.80 x 80 
1000 


=4.80 tons 


W _ x 12.50 


life 


= . 2.40 tons 

2 


l M r = 0.0 .*. R_ = 


W,„ x 12.50 
Ad . 


4.80 


=2.40 tons 



£ M = 0.0 .-. R_ = 


W ab .x 12.50 


25/42“ 


4.80 


= 3.39 tons 


Case (2): Wind -L to Face AC ( Stories (1),(2) - windward side ) 


V = 25 x 3 x 0 80 x.80. = tons 

"ac 1000 


W._ x 12.50 


2.40 tons 


W._ x 12.50 E R 



2.40 tons 











ase (3): Wind to Face BC (Stories (1),(2) - windward side ) 

.. _ 25 xJT*_3JL. 0.8 K 80 = r , niA ,. ona 

W WC-1000 


E Mg = 0.0 


l M c = 0.0 

E m a =» o.o 



Proceed similarly for leeward 

/ 

nd R for the three cases of wind 


side with C = -0.5 . Get R , 
e 1 

and add them to R^ , R^ and R^ 


R 


sample (3.3) : 

For the shown steel building located in cairo , find the wind 
oad distribution along the wind bracing systems 1, 2, 3 & 4. 
onsider the floor system rigid i.erigid enough to act as 
^finitely rigid beams on elastic supports. The rigidity of the 
ind bracing systems can be considered nearly identical. 


Solution 









































System (l),(2),(3)&(4) 


Assume wind load intensity = 75 kg/m 2 , all through the 

2 

building for simplicity. Otherwise use q = 70 kg/m till 10 ms 
height and q = 1.1 x 70 kg/m 2 for the remaining S.O ms. 



Since the wind bracing systems are identical then the 
flexural rigidity El is constant for symmetry of wind bracing 
systems. Y = 2.00 m. 
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Eccentricity = e = Y = 2.00 m. 


Wind load/floor = W = 


32 x 3 x 0.8 x 75 
1000 


— = 5.76 ton, 


Moment 


due to C.R. eccentricity - 5.76 x 2 = 11.52 mt 


Force transmitted to system (1): 










. V. R 2 I? 1.3824 ton. 


■ Force 


transmitted to 


system 


(3): 


R 3 = 


W I 3 M X 3 I 3 


5.76 


11.52 x 2 


£ £ x - 2 !• 
U 1 1 


(14 2 + 2 2 + 2 2 + 14 2 ) 



1.4976 ton. 
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mple (3.4) : 

For the shown steel building located in cairo , find the wind 
& distribution on the columns and the vertical bracing system. 

floor system is considered rigid enough to act as a horizontal 
phragm. 


Solution 



e=»7.50m 


—)H 

16.0m 



Vierendeel System (i) 


Assume wind load intensity = 75 kg/ra , all through the 

2 _ c>' 

ilding for simplicity. Otherwise use q = 70 kg/m till 10 ms 

2 

ight and q = 1.1 x 70 kg/m for the remaining 8.0 ms. 

. 3 x 15 x 0.80 x 75 _ 0 7n + _ 

. . Wind load/flpor = -1000- 2.70 ton. 


The rigidity of * the bracing system is considered infinite 
mpared to that of columns (1), (2), (3), (4) & (5). 

nsequently wind doad/floor (W) will be resisted entirely by 

V ■ i 

e bracing system Simile the moment resulting from the wind 
acing system eccentricity will be resisted by the group of 




































Ihnwifc 

Vvi'iins 













Dist. of Wind on Bracing 


In order to take the effect of the leeward side (suction) 

nto consideration multiply by the previous valuse , this will 

ead to the following 


R = 0.95 


x 


0.5 


n q 


- 0.593 tons 
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Example (3.5): 

For the shown plan, consider a core composed of four sides 

to respond to the wind loads. Compute the wind load distribution 

on the core faces for all possible wind directions. The core 

system is composed of vierendeel systems of identical rigidity. 

2 

Windintensity = 75 kg/m , all through the building fpr simplicity. 

2 

Otherwise for Cairo region consider q = 70 kg/m till 10 ms height 

2 

and q = 1,1 U 70 teg/ffl IW U»o remaining b.O ms. 


Solution 


V \;4 ^ . .■■■■ > 9.5m 

3.0m “ 

• ...... • 


4.0m - |.4.0m.p- 5.0m 



Longitudinal 

Direction 


Vierendeel, System 


N. B. Windward side is only considered in the following 
calculations 

Location of the Center of Rigidity (C.R.): 


(4 + 4 + 5 + 6) 

6 x 2 


- (6 + = 1.00 m . 


_ (5 + 5 + 3 + 3) , c 5. _ r 

e y -^-(5 + -) = 0.50 m. 
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R 


M Y 2 *2 


9 __9 __2 —2 ~3 

X 1 X 1 + X 3 + *2 Y 2 + l 4 Y 4 


3.42 x 2.50 


0.342 ton. 


4 x 2.50 


. *. R. = R_ = 0.342 ton. 
4 2 

Check on Force Distributioh: 


M . a 3.42 x 1.0 = 3.42 t.m. 
ext. 


H. . = (2.052 - 1.368) x 2.50 + 0.342 x 5 

int. 


. *. M = M. . (0.K.). 

ext mt 


Longitudinal Direction: 


Wind load/floor = W. = 


16 x 3 x 0.8 x 75 
1000 


3.42 t 


= 2.88 ton. 
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M. = Cl.584 - 1.296) x 2.50 + 0.144 x 5 = 1.44 mt 
int. 


. '. M . = M. . (0.K. ) 

ext. mt. 


Example (3.6): 

I *»i the shown plan, cimshlci a cure composted o 1 three faces 

and a vertical bracing to respond to the wind loads. It is 
required to compute the wind load distribution along the 
vertical bracing (Vierendeel system) as well as the core 
(Vierendeel system). 

The building is composed of five stories 3.0 m height each. 

Wind load Intensity = 75 kg/m 2 all through the building for 
simplicity 












- 21 X 3 x 0.80 x 75 
1000 


load/floor = 


= 3.78 ton 


e x = 10.50 - * 3.00 m 
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I 1 I 3 I 2 I 4 1 


X 1 = x 3 = 7.50 m 


Y_ = Y = 2.00 m 
2 4 


n _ 3.78 11.34 x 7.50 

R 1 " T” ' 


2(7.5) 2 + 2(2) 2 


= 1 


m 


i- 3.78 ..... 11.34 x 7.50 
1 - .— 

HHp 


2 2(7.5) 2 + 2(2) 2 

;=■?.i:,) l 

M ' X I 

2 „ 

2 4 " s-1 * 2 * S>i 


= 2 


11.34 x 2 


2(7.5) 2 + 2(2) 2 


0 


M ext. = 3 - 78 * 3 = 11.34 mt. 

M int. = (2 - 596 " 1•184)x7.50 + 0 
= 11.34 mt. (O.K. 

Longitudinal Direction: 


Wind load/floor = W 


_ 20 x 3 x 0.8 x 75 


mi 

.184 ton. 


.596 ton. 


.188 ton. 


188x4 

). 


- 3.60 ton. 


1000 
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r 2 — 


, _ W t X l 2 3.60 


- 1.80 ton. 


R - W t X *4 3.60 

4 *2 + *4 " ~ 


2 ~ - 1.80 ton. 


R 1 R 3 = °- 0 ’ there is n ° moment , eccentricity equals zero. 

To take into consideration the effect of leeward side 

add for both the longitudinal and transversal wind reactions a 
coresponding R. = R. x = 0 .625 R. 


i.e. Add to R 


R- = 0.625 R. 

































Example: C3,7) : 

Determine the straining actions for the shown four-storey 
rigid frage building due to gravity loads. 


Solution 


1- Load! 


IB 


A- Bald laada i 

* 0wn weight of girder + wall 

=200 kg/m' 

* Flooring = 150 kg/m 2 

* R.C. slab (thickness = 18 cm) 

= 450 kg/m 2 . 

Live Loa ds: 

According to ECP(99) for building 
constructed for office use, 

*Li, = 300 Hg/m 2 . 

6 

to 

w 

■ ■ W D.L. + L.L. = °- 20 + (0-15 + 5 

IK 

to 

0*45 + 0.30) x 5 
= 4.70 t/m . 

2 ~ stra ining Actions Per Flo or: 
Assume intermediate hinges at 
( / 10 ) Of every panel as shown in 



24.0m 


PLAN 


Fig. . 
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Determine the straining actions for the shown six-storey 
rigid frame building due to wind loads. 


Solution 

\ 

1- Loading: 

- 5 V2 

The distribution of the wind 

w 

pressure according the ECP( 1999 ). ~ 
CIrupj* (1.12), 


2 

70 kg/m for building up to 10 m — 


77 kra/m 


2 

, »» H 


10 m till 20 m 


For simplicity a constant wind 
pressure of 75 kg/m 2 will be 
utilized for the whole building 



tO-Om 4.0m I 10.0m 


ELEVATION 


height. 

Replacing the wind pressure by 
resultant forces acting at the 
joints yields: 

C =0.80 
e 

q = 75 kg/m 2 . 

• ' W i = c e q x 3 x 7 = 1.26 ton. 
H 2 = C e q *U.50 + 2) x 7 



- 1.47 ton. 


PUN 


4.0m j3.0mi 3.0m|3.0m{ 3igmia fimi 











iiifl 
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2 Analysis of Frame Straining A ctions: 

Top Floor : 

The total shear per floor is distributed to the columns in 
direct proportion to the floor area each column is supporting. 


From Symmetry 


tom 


• • X 2-6 “ X 3-6 


X l-6 " X 4-6 


v _ 0.63 x 10 

X l-6 2~x 24“ = °* 131 ton * 


W 1/2 


1^1-0 Xg_g X 3 _ a l A 4- 

* v l -0 I v 4 _ 


X 4-0 
0 


10.0m 4.0m 10.0m 


X - n ni x x 4 

z-6 " °* 131 + “2 - x 24 = 0.1835 ton. 

The wind moment is resisted by a couple composed of the 
axial forces of the exterior columns. 


. ' . V = V 

1-6 V 4-6 


0.63 x 1.50 


24.0 


— =0.04 


5— Floor: 


X l-5 = X 4-5 = °' 131 

, 1.26 x 5 
24 

= 0.394 ton. 

X 2-5 = X 3-5 = °- 184 

■ + 1.26 x (10 + 4) 

~ 2 x 24 ~~ 

= 0.552 ton. 


0.04 


0.04 


0.13r 


0184 0.184 0 .131 


*1 

-n__ 


} 


> ( 

( 

-O- 

0 


1.5m 

1.5m 


r ,-sl 


^ 1_5 X 2 -5 X 3 _ 5 


10.0m 1 4.0m | 10.0m 


X 4-5 

5 


I"*' 

1 v 4 _ 


(ill 
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0.04 x 24 + 1.26 x 1.50 + 0.63 x 3 
24 ' ~ 


= 0.1975 ton. 


0.1975 


~ 0.394 


0.558 0.568 


1.26 x 5 



0.657 ton. 


^Z -4 X3.4 


0.552 + l-* 26 x 7 
24 


0.9195 ton. 


1.26 x 1.50 + 0.1975 x 24 + 1.892 x 3 

24 - ~ 


= 0.513 ton. 


0.657 


0.657 


0.9195 0.9195 


1.26 x 5 
24 



0.9195 ton. 


X '- 3 X a _ 3 X3-3 


0.9195 + 1,26 x 7 
24 


1.287 ton. 
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„ „ 0.513 x 24 + 1.26 x 1.50 + 3.153 x 3 . 

V l-3- V 4-3-24---— = °* 986 t0n 


0.9195 1 


1.287 1.207 0.9195' 


2— Floor: 


X i-2 " V2 * °' 9 * 9S 



1.26 x 5 


1-2 X 2 _ 2 X3-a 


■ V 4-S 




=11.182 ton. 


ilBlIlliiSi® 


X 2-2 = X 3-2 = 1 ' 287 + 1 2 - X 7 = 1- 


657 ton. 




„ „ _ 0.986 x 24 + 1.26 x 1.50 + 4.413 x 3 _ . 

V l~2 " V 4-2 -24--T- = 2 - 57 ton - 


Example (3.9) ; 

Determine the forces due to wind and gravity loads in the 
columns and the vierendeel truss of the shown' single span 
interspacial building. Take wind load intensity = 50 kg/ra 2 , all 
through the building for simplicity. Otherwise use q « 50 kg/m 2 
till 10 ms height and q = 1.1 x 50 kg/m 2 for the remaining 2.0 ms. 


Solution 


1- Loading: 


A- Dead Loads: 


Weight of steel = 75 kgm/in 
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R.C. slab (thickness = 12 cm ) 
= 300 kgra/m 2 . 


flooring = 150 kgm/m 2 . 


P. 


(75 + 300 + 150) x <? 
7x3/ 1000 S 


= 11.025 ton. 
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Sec. (A-A) 
CUU.U-ia.0m 


Live Loads : 

For residential building use 


" ^00 kg/m . 


P LL = 200 x 7 x 3 / 1000 


= 4.20 ton. 



C- Wind Loads : 

Take wind load intensity 
50 kg/m on the whole 
building for simplicity. 


W w " c e x q x 7.0 x 3.0 




= 0.80 x 50 x 21 / 1000 
= 0.84 ton. 

• „ M „. Gr , v „„ 

P = 11.025 + 4.20 
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Due to the high rigidity of the vierendeel truss with 
respect to.fcolumns the horizontal reaction 1 due to vertical loads 
can be neglected. 

The portal frame method is used in the analysis, where 
intermediate hinges are assumed at mid span of every member as 
shown. Due to symmetry half of the vierendeel truss will be 
considered only 


R = 6P = 6x15.225 = 91.35 ton. 


E H =0 
a 2 

. N 3t x 3 + 2 x 15.225 x 1.50 



♦ P/2 t P 
R 3.0 I 


, * — N 3b 

Ip I v, 


3.0 I 1.5 


+ 2 x 15.225 x 4.50 + 15.225 


x 7.5 - 91.35 x 7.5 = 0.0 


. N 3t = 129.415 ton. 


E x = 0 .'. N 3b = N = 129.415 ton.. 


E Y = 0 .’. 2 V + 5 x 15.225 = 91.35 


. *. V_ = 7.613 ton. 
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EM, =0 . * . N x 3 + 2 x 15.225 


x 0.0 


2t 

x 1.50 + 15.225 x 4.50 
- 91.35 x 4.5 = 0.0 


N 2t = 98.9625 ton. 


‘ # N 2b = N 2t * 98 - 9625 ton - 


ii 


P/2 


o 

CO 



4 . wu: 

. •,/<. - " ' * ! 

91.35 x 1.5 u 0.0 


• ® 38.0625 ton. 



bi 


b h 

J t P/2 

f 

P | 

| 3=0 

1:5 J 


P/2 


*2t 


N 


'2b 


O 

CO 


*1—N lt 

V, 


!fkr N - 


P/2) V t 
1.5 


£ x * 0.0 


• • - 38.0625 ton. 


E^O.O 2 Vj + 15.225 = 91.35 ton, 


| • • V* s 38.0625 ton. 

&■ 4 

i- ■ 

jj;. .... 

I The truss is subdivided into free bodies as shown to obtain 

jpe internal forces. Each member is cut at the assumed hinge 
Ilocation. 
















































































f.OlD 


15.225 


15.225 


| 38.06 I 


38.06 38.06 


“38.06 



98.96 


45 07 


38.06 

38.06 38.06 


22.84 22.84 

60.90 


60.90 



-oh- 129.41 


7.613 


30.45 


30.45 


1 38.oiT* 


83.74 


22.84 22.84 


98.96 


7.613 


129.41 


15.225 


15.225 


Analysis of Vierendeel Trusses Subjected to Wind Loads ; 

49 

W w 7 floor = 2 ~ x °- 80 X SO x 3 / 1000 


= 2.94 ton. 

Assuming intermediate hinges at midspan 
of every member (portal frame method). 


Top Floor: 


+ Z m a = o 


z x = 0 


1.47 x 1.50 - 3 Y. = 0.0 

4 


• V - 1-47 x 1.50 
K'v 4 ■ 3 


=0,735 ton. 


1-47 - 2X= 0.0 




I; X. = 0.735 ton. 
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•• a*n*w-' 

rd Floor : 

E m b = ° 


0||7f5 x 2 x 3 + 0.735.x 3 


^ &X\ vM : *'W-• V' u* :• . 

V; * 2.94 x 1.50 - 3 ? = 0 

fSzdA'x:. :, 17/'.' '■ , - .. .. ■ . 3 


2.9 


ft. s 3.675 ton. 


r* = o 


..... 


. • J'2.94 + 2 x 0.735 - 2X, 


- 0 


2.9- 


.’. = 2.205 ton. 


:— Floor: 


2.9-! 


+ E M c = 0 •'• 3.675 x 3 + 2.205 x 2 x 3 

+ 2.94 x 1.50 -3 Y = 0.0 


Y 2 = 9.555 ton. 


r X as 0 


2.205 x 2 + 2.94 - 2 x X 


;t 


Floor 


• • X^ - 3.675 ton. 


+ E Mjj = 0 9.555 X 3 + 3.675 X 2 x 


+ 2.94 x 1.50 - 3 Y 


0.0 















































Example (3.10): 


A three storey building is supported by two parallel facade 
vierendeel trusses as shown. Determine the shear, axial force 
and moment diagrams for the truss. The loads are assumed to act 
at the top chord joints only. Only gravity loads are 
considered. 

Solution 



1” Loading : 

Weight of steel = 200 kg/m 2 . 

R.C. slab (thickness » 12 cm) = 300 kg/m 2 . 

Flooring = 150 kg/m 2 . 

Live load (residential building use) ~ 200 kg/m 2 . 
Masonry wall (thickness = 25 cm) = 800 kg/m'. 

V * P D.L. = (0 * 20 + °- 30 + °- 15 + 0.20) x 7.50\ 3.0 
+ 0.80 x 3.0 = 21.53 ton. 
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y half of the vierendeel truss will be considered due to 
symmetry of geometry and loading. Using the portal frame 

method, zero moment points are assumed at mid span and 
mid-height of each bay as shown. 




MraWlwipllwM'.t. -<: 


^ces for Top_and Bottom 
■iembers : •=• • ~~ " ~ 

R = 4.0 P = -4|?c 21153 = 86.10 t 


Chord 


10.763 21.33 21.53 21.53 


+ £ M. 


’V* 


N 4t x 3 + 21.35 x (1.50+4.50+7.50) 

+ 10.765 x 10.50 - 86.10 x 10.50 =0.0 


-*-‘-♦|~N, b 

30 | , 3.0 | 3.0 1 I.tt I V 4 


N 


4t = 166.7875 ton. 


E x - 0.0 •’• N 4b = N 4t = 166.7875 ton. 

E Y = 0.0 •'• 2 V 4 + 3.50 x 21.53 

= 86.10 ton. 

V 4 = 5.37 ton. 

The same procedure is used fnr , ... 

. SCd f0r Calcu latmg the shear and 

axial forces m the other chord members. 



































X ^ + 21.53 x (1.5 


+ 4.50) 


+ 10.765 x 7.50 - 86.10 x 7 . 


= 0.0 


10.765 21,53 


x = 0.0 


Y = 0.0 


*3t ” 145.2/8 ton. 


• ' • = N 


3b = 3 t = 145.278 ton* 



3-2_I 3.0 


• • 2 V 3 + 2 x 21.53 + 21.53 R 

2 -86.10 ton 

v 3 = 16.1375 ton. 


h Z M c = o.O 


N 2t * 3 + 21.53 x (1.50) + 


50) + 10.765 


X 4,50 " 86 •10 X 4.50 = 0.0 


10.765 21.53 


H =102.2375 


ton. 


= 0.0 



r f N 2b ^ N 2t * 102 -2375 ton. — qo I 


= 6. blSBt 


WHW- 



2 V 2 + 21.53 
=86,10 ton. 


+ 10.765 




• • v , = 26.903 ton. 
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102.24 


40.35 


7124.21 


56.51 


40.35 


24.21 


64.56 


B.M.D. 


96.86 

56.51 


40.35 


8.06 


24.21 































n> 

ramHislB 




;iR®SP 


w#s$B8»C 
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10.765 


bddjyTded into free bodies 


as shown to obtain 
member is cut at the assumed hinge 




wmm 


iiirldfo' •> fc.Uv^sM« 

.■■ fc.y 

■}.' ..v 


• fi'lS.j -.<V. J . 






















£xam P le (3v ' . .r.V- 

Determine.. |he forces due to wind and gravity loads in the 

columns and the truss members of the shown single span 
interspacial building. 

Solution 


1- Loading : 

A- bead Loadsi 


Weight of steel = 75 kg/m 2 

R.C. slab (thickness = 12 cm) 
= 300 kg/m 2 . 


flooring = 150 kg/m 2 . 


‘ ' P D.L = (7S + 300 + 150) * 
7x3/ 1000 



11.025 ton. 


B~ Live Loads: 


For residential building use 
I LL = 200 kg/m 2 . 


P LL = 200 x 7 x 3 / 1000 

= 4.20 ton. 

C- Wind Loads : 

Take the wind load intensity = 
50 kg/m on the whole building 
for simplicity. 


6x3.0= 18.0m 
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W = C .q x 7.00 x 3 
w e 

= 0.80 x 50 x 7.0 x 3.0 / 1000 
- 0.84 ton. 


* Analysis of Vierendeel Trusses Due to Gravity Loads: 

Due to the high rigidity of the vierendeel trusses with 
« to the columns the horizontal reaction due to vertical 

loads can be neglected. 


P D.L. + L.L. 


11.025 + 4.20 = 15.225 ton. 



H = 6 P = 6 x 15.225 = 91.35 ton 
Joint (2): 


f 


2-4 


E x = 0 


= 0.0 
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Sec. (1-1): 



"*+ M. = 0 
' 4 

.'. f x 3 + 91.35 x 3 - 15.225 x 3 = 0 


fj _ 3 = - 76.125 ton. 


li + £ y = o 

f * x _ 4 cos45 + 15.225 = 91.35 


jJoint (3): 

f x _ 4 ■ 107.657 ton. 


E x = 0.0 

f 3- . 5 = ~ 76.125 ton. 


E Y = 0.0 

^ 3_ 4 = “ 15.225 ton. 


Sec (2-2): 



^ E m 5 = o 

f 4 _ 6 x 3 + 2 x 15.225 x 3 + 

15.225 x 6 


= 91.35 x 6 



• • ^( 4 - 5 ) = 121.80 ton. 


+ | E Y = 0.0 

f 4 _ 5 cos45° + 91.35 = 15.225 

x 2 + 15.225 


• • f 4 _5 “ " 64.594 ton. 


Joint (6): 



E x = o.o 

f 6-8 = f 4-6 = 121 • 80 ton - 


E x = o.o 

* * >. = 15.225 ton. 
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Sec.(3-3): 


£ Y = 0-0 f 5 _ 8 cos45° + 2 x 2 x 15.225 + 15.225 = 91 


= 21.531 ton. 


>+ E m 8 = 0.0 f S 7 x 3 - 2 x 15.225 x 3 - 2 x 15.225 x 6 


- 15.225 x 9 + 91.35 x 9 * 0.0 


. V f 5-? = - 137.025 ton. 


Joint (7): 


E Y - 0.0 . \ f (? _ 8) = -15.225 ton. 


.45.68 


,91.35 3 


137.03 9 

n 


Analysis of Vierendeel Trusses Subjected to Wind Loads : 
Top Floor ; 

~*+ £ M =0 
u a 

0.42 x 4.50 + 0.84 x 1.50 I /\\ I /[ 


“ Yj x 18.0 = 0.0 


= 0.175 ton. 


0.7875 



x l -2 “ (0-42 + 0.84) x | = 0.7875 ton. 


X 2-2 “ (0 ‘ 42 + °* 84 ^ x | = 0.472 ton. 


Floor: 


6x3.0« 18.0m 


+ E ^ 0 * • 0.7875 x 6 + 0.472 x 6 + 0.175 x 18 


+ 0.84 x 4.5 + 0.84 x 1.50 - Y x 18 


tMi 


0'E 
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.'. Y 2 = 0.875 ton. 

' * X l-1 = 0788 + 0-84 x2x| 
= 1.838 ton. 

» . “ 0,477 ♦ 0 H4ir7ir- 

7 l II 

= 1.102! ton. 


0.175 

0.7075 



Using the method of sections as presented in the previous 
section the forces in the trusses can be calculated. The truss 
members forces are illustrated in the following Figure. 


0.42 

0.64 

0.64 

0.289 

0.289 

0.061 

0.061 

0.04 

0.34125\ 

7 


X 0.35 

0.35 \ 

jjr 

/ 0.70 
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Example (3.12): 


The Fig. below, illustrates the plan of a steel tower composed 
of 12 stories 3.0 m height each. The facade wall envelope is 
laterally braced by the composite floor structure serving as a 
rigid diaphragm tying the exterior wall to the central core. It 
can be assumed that only the exterior column envelope resists the 
lateral loads. Any shear lag at the intersection of the web walls 
and Uio flange walla may be neglected. The wind pressure may be 
assumed 125 kg/m . It is required to compute the axial thrust in 
the exterior columns, if the tower is visualized as a *huge 
cantilever box beam. 




Wind czj 
Direction 



4 $ £ i o t 2 


1 1 i 

i ; 

( i !' ■■ , 

1 : . 

~ T. ’ 

• 

l 

1 

9. dins 

« 

« 

-Jj 

r i 

1 1 

i i Mx 

- • 

_Central 

Core 

o 

05 

. 


_ Flange ! 

, Wall | 

Flange 
wan ; 


! Web Wall 

i 

4' 3' 

2 10 12 3 4 

X 

10x3.0=30.Oms 


w 

a 

o 

o 

co 


CO 

X 

o 





Solution : 

(D Properties of Area : 

If all columns are assumed to have the same cross 
sectional area (A). 
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.’. r x = 4 A (3 2 + 6 2 + 9 2 + 12 2 ) + 11 A x 2 x 15 2 
.\I = 6030 A. 

(2) Straining Actions : 

Wind load on left face = q x C_ x 30 x H 

Uhcioi c 

e 

H 

q 


- o.uo 


= 15 x 3 = 45 
= 125 kgm/m^. 


m. 


_ 125 x 0.80 x 30 x 45 
1000 


= 135 ton. 


W x H 135 x 45 

. . Moment at the street level « __ s _ 

2 2 


- 3037.5 ton.m. 


Force distribution on columns will be as shown. 


Tension 



Tension 

it>^ 

Compression 


rVi 

» 

a 4 ' d 2 ' i 

i 

0 1 2 3 4 A 

1 

1 1 1 

1 

i 

1 

1 

- - - {^P) - - - 

i 

1 -*-- — • • ■ 

M x 


3 4 3' 2' 1 0 i 2 3 


i Compression 

# 


4 B 















N 0 = °-° Ccolumn on the N.A.). 


N 1 = 


= 


- N* = M x 3 


* - 3037.5 x 3 

6030 = l - 


50 ton, 


N- = “JL* , A = 3037.5 x 6 _ 


2 I 


x 


6030 


= 3.022 ton 


= - 


Ni = *L* 9 a - 3037.5 x 9 
3 f * A ~ 6030- * 4 ‘ 


53 ton. 


N. = 


= - N- = Mx 12 A - 3037.5 X 12 

4 1 ‘ ~6030 ~ = 6 - 


04 ton. 


All columns on the side (AB) are subjected to an axia: 


thrust N ab = _ N ab each. 


Where N 


AB 


„ N = 3037.5 xl5 

AB 6030 - 7.55 ton 


induced 


N. B To take into account the effect of q„~+ - 

. . . Ilect oi Suction increase the 

straining action N . M i. 5 

1. N i b y „ x 100 % 
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Example (3.13) : -- 

The Fig., Illustrates the plan of a six storey residential 

ThS fl °° r SyStem 13 com P° sed of reinforced concrete 
14 Cm) SU PP- ted °n steel beams. The floor possesses 

“ n adRqUat ' e Mgidity ^ act as a horizontal bracing. The 
longitudinal stability of the building is achieved by th# 

framing action between columns and gibers. While the 
•ransversa, h „„ , , „„ „ 

‘-“own as dotted lines on plan). It is required to get 
the distribution of wind loads on the different truss systems 


Solution 


£ 


.in 

x 

CO 


r—-- 





j A 

i 

i_ 


T 

l 

1 

Bi' 

i 

i 


i 

i 

i 

C j 

i 


- 



...i. 


6x5.0=30.Om 


(1) Exact Analysis : 

The columns and irird^n® ^ 

Proportioned to stand for the - • ^ ^ A ’ B & C are 
gravity and wind loads J *™ Ua * g 

Proportioned to satisfy the sUff meD,berS Cdiag<malS) ^ 

members. stzffness condition for compression 
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System (A) 


System (B) 


System (C) 


A (m) 

I (m) 
e 

A (m) 

I (in) 
e 

A (m) 

I (m) 
e 

1.073x10 

0.08627 

1.032xl0 3 

0.0897 

1.087xl0 3 

0.08516 

7.494x10 4 

0.07149 

7.082x1O 4 

0.0756 

7.841X10 4 

0.0683 

5.02X10 4 

.0.054639 

4.93x1O 4 

0.05564 

5.584X10 4 

0.04912 

3.355x10^ 

0.0345 

3.237X10 4 

0.0357 

3.832X10 4 

0.0302 

1.968X10 4 

0.01742 

1.955X10 4 

0.01754 

2.415X10 4 

0.0142 

1.008X10 4 4 

-3 

t. 2517x10 

9.146X10 5 4 

.686xl0 3 

1.161X10 4 ' 

5.691x10 3 


■* Y-T 
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Ratio of Inertia With Respect to System (B): 


Floor 

System A 

System B 

System C 

^e 

6 

0.9617 

1.0 

0.949 

2.911 

5 

0.9456 

1.0 

0.903 

2.849 

4 

0.982 

1.0 

0.883 

IAS 

vO 

CO 

cs 

3 

0.9648 

1.0 

0.8447 

2.809 

2 

0.9932 

1.0 

0.8094 

2.803 

1 

0.9073 

1.0 

0.7712 

2.679 


Th® horizontal drift A due to 1 ton , is computed at every 

floor level using a computer plane frame program. The 

equivalent cantilever beam inertia (I ) is obtained as follows: 

© 


M 2 dL 9 n 3 

E X = E X 
e e 


Hence I = ?-!l 
e E A 




It 



Assume the wind intensity = 75 kg/m 2 all through the 
building height for simplicity. . \W /floor = 30 x 3 x 0.80 x 
75 /1000 = 5.40 ton. 
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It! Oin 


0.3304 

0.8921 

0.3318 

1.7917 

0.3427 

1.8506 

0.3434 

1.854 

0.3544 

1.9138 

0.3387 

1.829 


/ n 


0.3435 0.9275 0.3261 

0.3509 1.895 0.3172 

0.34906 1.885 0.3082 

0.3559 1.922 j 0.3007 

0.35982 1.9268 0.2888 

0.3733 2.016 ' 0.2879 


System (C 


0.8806 

1.713 

1.664 

1.6236 

1.5595 

1.5548 
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B- Forces Due to Rotation: 





B 

X B 

x c 

Ex 2 1 . 

u i ei 

f ra 

f rb 

f rc 

6 

0.967 

2.611 

15.967 

2.033 

14.03 

436.19 

0.0919 

-0.0122 

-0.0822 

5 

0.833 

4.496 

15.833 

2.168 

14.168 

423.16 

0.159 

-0.023 

-0.1360 

4 

o 1 

2 . ♦Jir, 

1 % . VV.J 

2 . *1411 

14.44 12 

42 / . I') 

O. |or»r» 

O.OIY1 

0.0«89 

3 


2.305 

15.427 

2.573 

14.573 

415.$4 

0.083 

-0.0143 

-0.0683 

2 

0.086 

0.468 

15.087 

2.913 

14.913 

414.54 

0.0169 


-0.0136 

1 

0.358 

1.932 

15.358 

2.642 

14.642 

386.34 

0.0697 


-0.0565 


C- Final Forces/Floor: 


Floor 

System (A) 

System (B) 

System (C) 

6 . 

0.984 

0.915 

0.798 

5 . 

1.9507 

1.872 

1.577 

4 . 

1.9572 

1.868 

1.575 

3 . 

1.937 

1.9077 

1.555 

2 . 

1.9307 

1.923 

1.546 

1 . 

1.899 

2.003 

1.498 


(2) Approximate Method : 

In this method the inertia provided by the different truss 
systems,is assumed to be identical. Hence the force transmitted 
by translation is the same to all systems while that transmitted 
by rotation depends on the geometrical configuration of the 
systems. 
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* ' Final Force Distribution will be a s Follows: 
Floor System (A) System (B) 

6 • - 0- 995 0.888 

5 ...... 1 QRQ 1 T~n' 


stem (A) 

System (B) 

System (C) 

0.995 

0.888 

0.917 

1.989 

1.776 

1.634 

1.989 

1.776 

1.634 

1.989 

1.776 

1.634 

1.989 

1.776 

l. 634 

1 ')(!•> 

t / it. 

l . M 


F. 


System (AJ System 

(B) 

cuiu cne &xact Analys 

System (C) 

F , F 

exact app. 

‘A error F F 

exact app. 

%error 

F exact 

F %error 

app. 


0.984 

0.995 

1.12 

10.915 

0.888 

2.96 

0.798 

0.817 

2.381 

1.9507 

1.989 

1.96 

1.872 

1.776 

5.13 

1.577 

1.634 

3.615 

1.9572 

1.989 

1.62 

1.868 

1.776 

4.93 

1 - 575 

1.634 

3.746 

1.937 

1.989 

1 2.68 

1.9077 

1.776 

6.903 

1.555 

1.634 

5.08 

1.9307 

1.989 

3.02 

1.923 

1.776 

7.644 

1.546 

1.634 

5.69 

1.899 

1.989 

4.74 

2.003 

1.776 

11.33 

1.498 

1.634 

9.079 

















gy*cu«FAC vvX::.::.U'- 

B l: *** . Fig ' beloM ’ illustrates the plan of a five storey 
E|sidential building. The floor system is composed of reinforced 
jSncrete slab (t - 14 cm) supported on steel beams. The floor 
jpssesses an adequate rigidity to act as a horizontal bracing 
fe l0n S itudi "*l stability of the building is achieved by the 
jframmg action between columns and girders. While the transversal 

jfltabi 11 ty }a obtain by the use of three vierendeel trusses 
Ishown as dotted lines on plan). It is required to get ^ 

distribution of wind loads on the different truss systems 

Solution 



1) Exact Analysis: 


The columns and girders of systems A, B & Care 
c stand for the straining actions resulting from 
ind loads. The final sections are shown in Fig.. 


proportioned 
gravity and 















B.F.I.20 


B.F.I.18 


B.F.I.18 



























feii^gli£gEtig _With Respect to Systen , (B) : 


Floor no. (n) 

SysternCA) 

System (B) 

System (C) 

n. i 

j- 5 

0.674 

1 

0.3728 

2.0468 

?;■ 4 

& 

P 

■■ 

0.6903 

1 

0.3841 

2.0744 

I 3 

0.706 

1 

0.405 

2.111 

f 2 

I i 

0.7244 

1 

0.4317 

0.1561 


0.7607 

1 

0.4939 

2.2546 

I: 


- — 


leicht fo r • „ 8,U/ra 311 through the buildi 

P - (30 x 3 X o.s X 751/1. 

- 3.40 too. a. v . dlstrlbotea ^ the sjstm 

f C b!r the r * U ° ° f The ».„t *» to „ 
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center of rigidity eccentricity should be computed,to obtain the 
final force acting on each system per floor. 

" # ini 

For Every Floor: 


F^ = Force transmitted to 
system no. (i). 


F. . + 
ti Ri 


s Force due to 

translation 


W x I 
w ei 






i A .,,v 

'VS-i 

> ... 

i 



if: ? '""j i 




16.0m & 


12.0m 


Ti 

41 i 

x„j 

“‘5T 

w* ' 


A- Force Due to Translation (F ) • 
-—_ t i 


- Force due to rotation 


M.X. .1 . 
i ei 




Floor 

W(ton) 

System (A) 

System (B) 

System 

(C) 


w 

F tA 

tv* F tB 


F tc 


2.70 0.339 0.9153 0.489 1.3203 0.182 0.4914 

5.40 0.333 1.7983 0.482 2.6028 0.185 0.999 

5.40 0.334 1.8036 0.474 2.5596 0.192 1.0368 

5.40 0.336 1.8144 0.464 2.5056 0.20 1.08 

5.40 0.337 1.8198 0.444 2.3976 0.219 1.1826 








JfIo. 

e(m) 

M(mt) 

V 

X B 

x c 

£x?i . 

l ei 

f ra 

f rb 


5 

0.742 

2.002 

14.26 

3.74 

15.742 

243.404 

-0.079 

0.031 

0.048 

4 

0.768 

4.147 

14.23 

3.77 

15.768 

249.517 

-0.163 

0.063 

0.101 

3 

0.718 

3.875 

14.28 

3.72 

15.718 

257.89 

"0.152 

0.056 

0.096 

|i: 2 

0.645 

3.483 

14.36 

3.65 

15.645 

268.226 

-0.135 

0.047 

0. 088 

|l 

Sii; 

0.444 

2.398 

14.56 

... 

3.44 

15.444 

290.839 

-0.091 

0.0284 

0.063 


||j Final Forces ^Floor , ^ 

Floor System (A) 

0.8363 

. 1.6 349 


5 

4 

3 

2 

1 


1.6521 
1.6794 
1•7285 


System (B) 
1.351 
-2.665 
2.616 
2.553 
2.426 


System (C) 
0.539 
1.099 
1.132 
1.168 
1.246 


2) Approximate Analytic: Q). 


- T" :r °: iy **• »■>«—» *-«. 


instant ,u .vanthe mt ot “ .ppp.a-t.1, 

astern. The eaui™i.n t __ . CVery Vlerendee l truss 


-tern. The eq uivalent inertia (I • rende61 tri “ 

-rizontal drift 4 at the 1 st fl , 6 “ Calculated fr ° m the 

1 floor due to 1 ton appiied on it. 


9n 

FI 


i = 2 * 
e FA 


& 


st 


n = (1 floor) 


i - e. A 
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Consequently the equivalent inertia and relative can be 
tabulated for the three systems A, B & C as follows: 


Floor 


System (A) 
A (m) f I 


System (B) 

TTmll T 


System (C) 
A (in) i I 


1,...,5 3.448 x 1.243 x 2.623 x 1.634 x 5.310 x 8.072 x 


Ratio of Inertia with Respect to System (B): 


Floor 


System (A) 

System (B) 

System (C) 

S". 

0.7607 

1.0 

0.4939 

2.2546 


14.556 m. 

3.444 m. 

15.444" m. 

I . = 290.839 


18.0m 


12.0m 

























e = °- 7607 x 15 ~ 1 x 3 - 0.4939 x 15 

2.2546 --— = 0.444 m. 


'. For a typical floor we 


can say that: 


M = W w .e = 5.40 x 0.444 = 2.398 mt. 

'• F A = F tA + F PA = x 0.7607 


tA RA 
= 1.7285 ton 


290.839 


F B “ F tB + F RB 


= 2.426 ton. 


— ° + 2^398 x 3.444 x 1.0 

* • <^546 290.839 ~ 


F r = F, _ + F 
C tC r RC 

= 1.246 ton. 


0.4939 x 5.40 9 9 qq w c „ „ „ 

-— - + ±i. J * 8 x 15.444 x 0.4939 

^* ^ 546 “290.839 -- 


The^ Fin a l Force Distribut. 


5 . . 
4 . . 
3 . . 
2 . . 
1 . . 


System (A) 

System (B) 

System 

0.864 

2.213 

0.623 

1.7285 

2.426 

1.246 

1.7285 

2.426 

1.246 

1.7285 

2.426 

1.246 

1.7285 

2.426 

1.246 
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(3) Approximate analysis (2) : 



18.0m 

12.0m 

9.0m 

15.0m 

6.0m 


In this method the load transmitted to the vierendeel 
trusses due to wind is assumed to be proportional to the area 
resisted by every system. 

= 75 kg/m 2 . 

h/floor = 3.0 m. 

**• / A = 3 x 0.80 x 75 x 9 / 1000 
= 1.62 ton. 

. . F fi = 3 x 0.80 x 75 x 15 / 1000 
“ 2.70 ton. 


F c = 3 x 0.80 x 75 x 6 / 1000 
= 1.08 ton. 
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The Fina l Distribution of Forces will be Fn i w. 
Floor System (A) System (B) System 

^. 0.81 1 r>c ~ . 


1.62 

1.62 

1.62 

1.62 


1.35 

2.70 

2.70 

2.70 

2.70 


System (C) 
0.54 
1.08 
1.08 
1.08 
1 .on 


Comparison of ithe Two Approximate Methods of Analvsi. 
Irioor System (A) System (B) Svstem it 


system (B) System (C) 

APP__C1) App (2) App (1) App_ (2 ) App (1) A pp (2) 

3 3 1 3.14 0.07 15.58 "oTiekT 

5-73 0.911 8.968 1.313 13.38 1. 73 

4.62 1.94 7.26 3.211 10.07 4.59 

2-92 3.54 4.974 5.76 6.67 7.53 

- 6-27 ° 11.29 0 13.323 
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CHAPTER 4 

EARTHQUAKE LOADS ON BUILDING 


4.1. Int roduction: 

The earth is computed active masses where at any internal 
location stresses and strains may increase slowly with time and 
thus producing a storage of recoverable strain energy.The increase 

"I * train may reach the rupture point. and hence followed hy 

sudden fracture and sliding along the fault plane (fracture 
surface). The relief of stresses may abruptly release an enormous 
amount of energy which will be converted into kinetic energy of 
ground motion until equilibrium is temporarily restored. Violent 
shaking of the ground may be felt many kilometers away from the 

location of the fault. Thisphenomenon is what we call 
"EARTHQUAKE" 

4 ‘ 2 * Ph ysical Behavior of Earthquakes : 

The released energy of an earthquake is transmitted through a 
series of waves to the surrounding regions. These waves will 
consequently create time-varying components of motion in all 
directions at any point in the affected ground. These components 
of motion at any point are : the acceleration, the velocity and 
the displacement. The waves patterns are extremely irregular due 

I t° thC C ° mplex nature ° f the wave transmission through the 
heterogeneous earth and the complexity of the transmitting source 
|Seismic or earthquake loads are of kinematic origin. They owe 
their existence to vibrations caused at a structure are due to 
|the movement of the earth surface during the earthquake. 

P- pledg e Regarding the Earthquake Phenome non: 
f’ 3 - 1 - Acc eleration, Velocity and Displacement : 

Since 1930 strong motion seismographs were located in regions 
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of known seismic action to record earthquake histories. These 
instruments produce a record of acceleration versus time in three 
coordinate direction. Generally the recorded acceleration is 
defined as a ratio of the acceleration due to gravity "g". 

One of the bestdocumented earthquakes is that at El- 
Centro, California. The strongest shock happened on the evening 
Of May 18 - mo and „aa fail over an area or si xLy thousand 
square miles. There were substantial accelerations in all 
coordinate directions, but the most severe one was in the 
north-south direction. 


Fig. 4.1.a, illustrates the ground acceleration in the 

north-south direction where the maximum recorded one was about 

•3 g. To feel quickly the effect of an earthquake it is 

generally preferable to inspect the velocity and displacement 

-lagrams which can be obtained by successive integration. Fig 

•l; b shows the north-south velocity diagram where within a 

perro of less than 1 second the velocity component varied from 

about 40 centimeters per second to the north to about 10 

centimeters per second to the south and than back again The 

north-south displacement curve of Fig. 4.1.c shows a movement of 

bout 10 centimeters to the south within 2 seconds, followed by 

abrupt reversal of 10 centimeters to the north within the 
next z seconds. 

violent iTh t° iUUStrate thG en ° rm0US effect motion as 

th 3 PeCOrded Would h *ve on a structure founded in 

I«T" d * nd f “~' a l ” — ™ . =« 

.“: ; y ‘ «<« tn, acceleration, 

u, and di.place.ent a, the free be , 

greater than the embeded end. ' 7 






>] 




Time, in Seconds 

Fig. 4.1.a. Ground Accelerations of El-Centro 
Accelerograph Record 


North 


Time, in Seconds 

Fig. 4A.b. Velocities from El-Centro 
. Accelerograph Record 


c 2 

0 ) 03 

5 « 0 

03 £ 

11 -10 
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- Iu 15 20 25 : 

Time, in Seconds 

Fig. 4.1.c. Displacements from El-Cen 
Accelerograph Record 
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4.3.2. Frequency and Intensity of Earthqua kes: 

Different regions are actually well known of their 
seismically action. Regions bordering the Pacific Ocean, in Asia, 
around the Mediterranean Sea, around the Red Sea, in California, 
in Nevada and part of Washington are noted for their current 

seismicity. In the Egyption code for the determination of loads 
and forces in structural works and buildings (1993) , Egypt is 

divided into three earthquake zones on the basis of reported 
damage as illustrated in Table 4.1. Provisions concerning the 
design of the different types of structures are given in the 

following Sections. Only complete safety against moderate 
earthquakes is provided, while for major earthquakes^ failureof 
some structural elements is allowed without collapse of the whole 
system. This can be attributed to the fact that there is no 

reason to spend billions of dollars making every structure in a 
whole region resistant to a major earthquake simply because one 
did shake a small portion of the region over 150 years ago. 


Table 4.1 


Zone 

y. Regions 

3 ■>>:. 

Sinai, regions bordering .the Mediterranean 
and the Red Sea, Aswan, Fayoum, Suez and 
Ismailia. 

2 

Departments bordering the river Nile except 
those previously outlined. 

1 

The other regions of the Republic of Egypt. 


The approximate divisions of earthquake zones are illustrated;: 
m Fig. 4.9 as mentioned by the Egyption Code of loads (1993). 
These divisions may chars e in the future. 





However, it is to be noticed that in areas of known 
; frequent and strong seismicity explicit provision should be made 
for earthquake resistance. In other areas all buildings should 

n have at least a n ° minal of lateral force resistance (zone 

1 of Table 4.1). In some structural systems this is included 
automatically (shear walls and cores), in others, the usual wind 

I braClng (trian « ulat ^ system, rigid frame or vierendeel) will be 

arJecjns* t.e. 

4 * 3 * 3 * Earthquake Characteristics : 

Earthquake fences depend in th . flt , t inat „ =e „„„„ ^ 
shaking motion of the ground. Ihi, »„ Uo „ lt ,e„ sltl « to 
i differences the characteri.tio, of this motion, th , 

|acceleration-time relationship and if or not periodicity enists. 

#■; ■ * 
ft. 

I For a precise dynamic analysis of a structure built in a 
=one of strong earthquakes, one may select the predicted 
rong-motion accelograms and introduce the one of greatest 
ntensity. Unfortunately the existing records do not represent 
e most severe probable conditions for a defined area. Further 
f° re ’ ^ is not : evident that . 

|. . s that the chosen shock having the 

.ghoa aingl oak Of accol.r.u.n uould ho ih. moai «t“ 
for a given structure. 


E Another alternative is to provide a series of r d 
cceleration pulses designed to h w random 

r, + . . . 8 d to have characteristics equivalent 

" the antlcl P ate d earthquake. Randomness can be ohi 
jplying uniformly spaced half sin 3106(1 ty 

Lstributed amplitude. ^ ^ ^ ° f 

^increment of ground velocity “ ^ 

-p, hence the sum of the leas " ^ ^ ^ 










4.4. Dynamic Behavior: 

It is impossible to go through and discuss the nature of 
earthquake forces without extending first knowledge about 
vibrations, degrees of freedom and analysis of some simple 
mathematical models. 

4.4.1. Degrees o f Freedom: 

The number of degt-ppR of freedom of p phi \ cj dp fined 

the number of independent coordinates (both linear and angular) 
which are required to fully locate in space all the constituent 
masses of the moving system at any instant. Fig. 4.2 , 

. (Hi 

illustrates some simplified equivalent systems which have a 
finite number of degrees of freedom and are known as the dynamic 
models. It is to be observed that the points where the masses 
are concentrated are generally chosen to coincide with the 
points of application of the heaviest vertical loads. 



Fig. 4.2 













356 


CHAPTER 4 



4.4.2. Types of Vibrations : 

(A) Free Vibrations : 

If an external force is applied to upset the stable 
equilibrium of a mechanical system and then is removed, the 
system will vibrate about its original equilibrium position. 
This is what we call « Free Vibration* which depends on the 


initial state (i.e. velocities and displacements). Hence 
ill f f on I avalUblo. If u.o Initial conditions are 

properly chosen in order to prevent the vibration (pattern to 
vary m times we obtain the Natural Mode of vibrations whose 
mode and frequency will depend on the magnitude and distribution 
of its masses, the stiffnesses and the type of supports. 

(B) Systems of "n" Degrees of Freedom : 

A system of "n" degrees of freedom has "n" natural 
frequencies and consequently "n" mode shapes. 

Peri odic Vibrations : 

Fig- 4.3.a, d show periodic vibrations described by a 
function y(t) which satisfies the following condition : 


y (t + nT) = y (t) 


.4.1 


Where : T = constant giving the period of vibrations, 
n = an integer giving the number of periods. 

| The period of vibration "T" is defined by the time over 
|hi°h the s y stem undergoes a complete vibration cycle and 
pgams its original state. A periodic vibration is referred ,to 

1 | HABMONIC VIBRATION if it follows the following relation: 

I y(t) = A sin(wt +0) 


. .4.2 
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w = 211 / T 

A = the amplitude of vibration = the displacements 
(wt + 0) = the phase angle. 

<p - the initial phase angle. 

The first and second derivatives of the displacement y(t) 
u r i "wil.1 give respectively the velocity v(t) and the 


l',ccs ici a1 1 oi 


j d(t) as given by U»« l .> I low lug » *> 


1 u I 1 min 


v(t) = y*(t) = A w cos(wt + 0) 

= A w sin(wt + 0 + 1T/2) 

a (t) = y’ V(t) = r A w 2 sin(wt + 0) 

= A w^ sin(wt + 0 + H) 


If the amplitude of vibrations decreases or increases with 
time we get what we call^Non Periodic Vibrations* as illustrated 
in Fig. 4.3.b, c and e. The more complex plots of vibrations 
shown in (Fig. 4.3.d, e and f) may be visualized as combinations 
of two or more simple vibrations. 

4.4.3. Dynamic Equilibrium Method : 

Applying € d* ALEMBERT^principle, the dynamic equilibrium 
equations may be derived by extending the equilibrium equations 
of statics to include the inertia forces which are products of 
the constituent masses and their accelerations. Now if we 
Iconsider a particle in a state of static equilibrium, the 
resultant IL of the acting forces is equal to zero. While if 

the force does not vanish, the particle will move according 

to *NEWTON* second law of motion as follows: 










Where : 

m^ = the mass of the i~ particle. 

r^‘ = the acceleration of the i— particle. 

- m..rl* = the inertia force, 
i i 

4.5. Dynamic Linear Elastic Behavior of Several Systems : 

The earthquake problem concerns the response of a damped 
oscillator to a transient excitation function. The simplest 
dynamic analysis is one which assumes the structure to be 
linear, that is, to exert restoring forces proportional to the 
relative displacements of its parts. Also the behavior is 
elastic, that is, to undergo no permanent deformation. 

In the following paragraphs the linear elastic behavior of 
several systems will be reviewed. 

4.5.1. Free Vibration of a single Degree of Freed om system: 

Fig. 4.4.a illustrates a schematic diagram of a damped 
single degree of freedom system. A concentrated mass ”m" is 
supported by a linear elastic spring, represented in this case 
by a beam-column element, and connected to a viscous damping, 
represented here by an idealized dashpot. 

The deflections are assumed to be small relative to the 


mi 
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s iffnes of the spring, hence the shearing force in the spring 
varxes linearly with the deflection it causes. Defining by - k - 

e spring constant i.e. the elastic restoring force and potential 
energy capacity of the structure> ^ ^ ^ 

::rv n the mass at any ume is equai *• k ii ral 

exertedT th T C ° nCerning ViSC ° US da ^ *orca 

ed by the dashpot on the .ass at any time, this „n , b „ p „ nc<1 

velocit “T- d dainPing C ° efflCient " C " the instantaneous 

city and is opposite to the velocity in direction. It is to 

be observed that the damping coefficient represents the frictional 

characteristics and energy losses of the structure. 



r ‘ 8 ' 44 — 


Assume the system shown in Fig. 4 4 c at a h 
/here a vibratorv • -4-c at a subsequent time t 

irinciple and defining 1 'The th ^7 * 

acceleration positive to the right the f ’ / ^ ° CUy ^ 

f "*•■*•*■* ■*» —„ tta l ° dy 


m y ” (t) + cy*Ct) + k y(t) = 0 


• .4.7 
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Making the substitutions: 

2 

A = c/2m ; p = k/m 

Equation 4.7 may be rewritten: 

y"(t) + 2Ay’(t)+p^y(t)=0 .4.8 

The general solution of this equation is: 

y = e (A cos pt + B sin pt) ... . . . 4.9 

Where A and B are constants of integration. Imposing the 

initial conditions: at t = 0 ; y = y and y Q = y’ , A and B may 

o o 

be evaluated. The complete solution of free vibrations 
subsequent to t = 0 is: 

-At 

y = e 


Where : p' = Jp 2 - A 2 

4.5.2. Single Degree of Freedom System Subjected to Ground 
Motion : 

Considering the previous system forced to vibrate due to 
the motion of the base of the spring (beam-column) by a 
time-varying displacement of the base tj as shown in Fig,.4.5. The 
mass "m" will be subjected to the accelerations ( 77 "’ + y’’). It 
is to be noticed that the deflection causing a force on the mass 
by the spring is the relative displacement "y" of the top with 
respect to the bottom. As before the viscous damping force is 
Cy -Thus the following relation can be computed by applying 
d’Alembert’s principle : 


<#0 2 

sin p't + y (cos p't + — sin p't) 

P' ° P' 


4.10 
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y* ' + 2 A y’ + p y 


** V 


4.11 


The solution of equation (4.11) can be obtained similar as 
equation (4.10). Assuming that the initial displacement of the 
system is zero, hence we get: 


y ~ « 


-At 


L P' 


sin pH 


.4.12 



m(y+2_) c^y 

-f- 

k.y 


Fig. 4.5 Motion of a Damped S.D.O.F. System 
Forced by Ground Motion. 


If we consider that the displacement y at any time t 
resulting from an increment in velocity (y' = 6 y’,) imposed at 

any Pri ° r time 1 ’ hence nation (4.12) can be rewritten in the 
following form: 


-A(t-t ) 


y = 


<5 y' t , sin p (t - t ) 


. .4.13 






Referring to the forced vibration system of Fig. 4.5 and 
noting that the ground acceleration at any time t will, in time 
dt , cause a change in the velocity of the mass, thus: 


V (t ). d (t ) =6 


4.14 


Resulting from this particular increment of velocity, at a 

U,,, ° 1 * 1 1,0 l olaUvo OHIO, . I y ,,r I ho „,«ao in I 1 g . 

4.5 will be: 


■A(t-t ) .. , 


7 ? (t ) sin p (t-t ) dt, 


4.15 


The. relative displacement considering all velocity 
increments or decrements from the start to time t will follow 
the relation below: 


y ~ J ^ (t i> e A(t sin p (t-t 1 ) dt x . .4.16 

o 

The shear in the beam-column is equal to (k.y) and then one 
can determine the bending moment diagram. By using the 
available numerical techniques and the digital computers, one 
can introduce a forcing complicated function representing the 
recorded earthquakes characteristics of Fig.4.1 and then 
evaluate the integrals of equation 4.16. 

4 ‘ 5 ' 3 ' Response of an Idealized Single-Storey Building : 

A direct use of equation 4.16 may be applied to compute the 
response of the idealized single-storey frame shown in Fig. 4.6 
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due to the ground motion. For steel structures in which 
relatively heavy floors are supported by light columns, the mass 
is considered concentrated at roof level. The spring force is 
supplied by the flexural rigidities of the columns which are 
function of the rotational restraint at the top and the bottom. 

On the other hand the damping effect of friction and other loss 
Of energy sources can be assumed. 



Fig- 4.6 Idealized Single-Story Frame. 

4 - 5 ' 4 ' Ration of Multi-Degree ,f rro.j.m Svs ,.„. . 

It la usually U,„ multistory frames are the most 

troublesome i„ earthy,*. „ g 4 ? ^ , 

“ b “ llding - ■ oantilever structural element „lt„ 

a finite degrees of freedom. 


The masses are assumed to be concentrated at the level 
a jacent to the different floors. In this model for purpose o 

ZZ illUStraUOn “ haS considered that the foundation 

and the surrounding soil are infinitely rigid, thus forcing th 

foundations to duplicate the ground motion and consequently th, 


(ft 
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Fig. 4.7 Modes of a Five Storey Frame. 

Fig. 4.7.(b, c, d, e and f), illustrate the five possible 
modes where' any actual vibration must be a linear combination of 
the independent modes based on small deflections and elastic 
behavior. The contribution of each mode depends on the 
characteristics of the forced function and thus if there is 
resonance with one of the higher modes, thus one may 
predominate. In fact the matter is complicated, the true 
resonance is random like the motion of an earthquake. However, 
the frequency of each mode and its characteristic shape may be 
computed by standard techniques employing the bending and shear 
resisting properties of the structure. 


The total motion of a tall building (Fig. 4.8) may be 
idealized as for the model chosen for a single degree of freedom 
system. 


Using equation 4.16, one can compute the displacement 
contributed by any mode when the frequency of that mode is 
inserted. Then by applying the principle of linear combinations 
of the independent modes, the total displacement of any 
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particular floor at any time t may be written as follows: 

X 


l-n a. 

y = E . 4 
1=1 p i J 


• * ' _>( + _+•) / / ' 

V (t ) e sin p^ (t-t ) dt ... 4.17 





Where : n = the number of modes considered. 
/ 

‘i 


1 th 

p. = damped frequency of the i~~ mode. 


.th 


a i ~ a dimensionless coefficient for the i— mode and 
the floor under consideration, named the excitation 
coefficient of the i— mode. 


It is to be noticed that the coefficient (a^) is the 
dimensionless constant which relates the deflection computed 
Rising e( T uat ion (4.16) to the actual relative deflection of that 
floor in the I— mode. 


:he 


Naturally, if the deflection of any floor with respect to 
base, at any time, is computed, hence for such deflections, 
relative deflections of adjacent floors can be calculated 
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and consequently the column shears and moments. 

Many papers on the dynamic analysis of earthquake 

resisting structures employ the concepts of random motion and 
probability theory for the computation of the resulting 
straining actions. 

4.6. Code Methods of Analysis and Design : 

4*6.1. Seismicity in ARAB REPUBLIC OF EGYPT : 

Until 1954, Egypt had been reported as an area of no 
seismicity. However the historical earthquakes which have 
affected the region before the year 1900 and the regional 
earthquakes which occurred between 1900 and 1992 are made 
available from Helwan Institute of Astronomy and Geophysics. 



Fig. 4.9 Distribution of Regional Earthquakes 
in Egypt Up to 1992. 




















VH/ VI I £,1V Hr 


These earthquakes are illustrated in Table 4.2 and Fig. 
4.9. where the most events occurred in the Red Sea area between 
latitudes 27°to 28.5° N and between longitudes 33°to 34°E. The 
relationship between frequency of occurrence and the estimated 
magnitude for the recorded earthquakes are plotted in Fig. 4.10. 

11 lB l ° be notlced that the ‘ninhl-Pr* „ 

log 1Q computation of the amplitude of the recorded ground 

motion, that is, a unit richter increase will cause 10 times the 

difference computed with respect to the corresponding 
amplitudes. 


Frequency 


* 


— 

V<x 

X 

— V 


it- , „ Magnitude 

Fig- 4.10 Frequency-Magnitudes Relationship for 
Earthquakes in Zone "3” 
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;'v : Tible' 

(4-2) Earthquakes Evert::: freatfi- than 5 0 R 

TfflTFP 

Date 

Location 

Magnitude 

Year ^2800 

SHARKI A Department. " TEL BASTA " 

Unknown 

Year 1200 

ABOU SIMBEL . " RAMSIS TEMPLE " 

4.9 = 5.0 

Year (_) 1221 

OASIS - Its effect, was till T.ybip 

* : **-. 

+ 1303 

North west Alexandria . Its effect was 
till Cairo ajnd KOS. 

Unknown 

+ 1847 

+ 1955 
September 

Fayoum its effect was till Cairo (North) 
and assiout (south). 

5.8 

North west Alexandria. Its effect was 
Rashid, Damanhour, Mahmoudia and Abou 
Hommos. 

6.1 

+ 1955 | 

November 

Abou Dehab - west desert. Its effect was 
till Kena. 

5.5 

+ 1969 | 

September j 

Shedwan Island. Its effect was allthrough 
Egypt till Adis - Abeba . 

6.3 

+1974 1 

April 

Abou - Hammad. Its effect till Cairo and 
Suez Canal. 

4.9 s 5.0 

+ 1978 
December 

The greater Gulf ( South west of Egypt ) 

It was unexpected. 

5.3 

+ 1981 1 

October 

Kalabsha - South west of Aswan 70 kilo 
meters south of Aswan high dam lake. 

5.6 

+ 1983 1 

February 

El - AKABA . 

5.3 

+1984 I 

July 

Abou - Diab . I 

5.1 

12/10/1992 

Katrany . Its effect till TANTA 

5.8 




dii 










The Egyptian code of practice of steel structures and bridges 
of (1999) has not considered the effect of earthquake loads as 

mentioned by the Egyption Code for loads and forces regarding 
buildings and structures ( 1993 ). 

In the following sections the prescriptions of the Egyptian 
eode for loads and foraos are considered. We do believe that this 
code is povering the large variety of common steel structures. 

However, a committee of specialists has studied the different 

11*.. wind, 

fTT*”*’ « “» ««-~t types of constructions, 

tots task sroup J»s prevented ^ duplication or any difference, 
that may exit between different codes. 

The following section. are presenting the rule. concerning 
| to resist earth,™*, load.. 

^•6.3. Concepts : 

(a) The restrictions of the Egyptian Code for loads and forces 

are such that the buildings are- Ml 

.. gs are: U) capable to resist moderate 

ZIT Mith ° Ut Sl8nS ° f fallUre ° f «• '•* the 

cap 17" t rU ° tUral elements uprising thestructural system (ii) 
capable to resist strong earthquakes without reaching comp^ 

parallel if' ™»ed to act 

Id Thefuildingf b “ Udln * rw.t.j n 

either the wtnd or the ^ “ “* ~ * 

4.6.4. Allowable Stresses: 


(a) For the design of the structural steel 


elements for the 
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case were the induced straining actions due to earthquake loads 
are combined to those of dead and live loads, the allowable 
stresses may be increased by 15 %. 


(b) For the design of steel connections and wind bracing 
members it is not allowed to increase the allowable stress as 
prescribed by the E.C.P. of steel constructions 1999. 

(c) For design loads including the earthquake loads it is 

min 0,1 ill' , c-. a a o I hr. al|..wohlo cl.oaaon of ( ho u o I I by JJ % 

except for weak clay and loose sand. 


4.6.5. Design Methods : 

The practical earthquake design methods are based on the 
assumption of lateral static forces equal to some fraction of 
Lhe gravitational mass of each floor (weight) applied statically 
at the floor level. The structural systems are analyzed just 

as it would be for wind forces as has been previously outlined 
in Chapters 2 and 3 . 

Suggestions for lateral force coefficients are given in the 
following sections. 

(ii> 

4 - 6 - 5 - 1 - Equivalent Static Load Method : 

(A) Concept and Limit of Usefulness : 

This method was based on the motion of a damped single 
degree of freedom forced by the ground motion (equation 4.16). 

The design earthquake forces computed according to this 
method is to be limited for buildings whose height is not 
exceeding 100 ms. The structural system must be uniform 

allthrough the height of the building. 

Refer to Section 4.7 
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■' IMs i»tl,od i. ll.It.d for bunding, „ h „« helght to th 
1“'' “” b " U< ' 1 " S -”* 11 * 1 “ “* i.,d do not 

1 Des ^gn Horizontal Forces : 

I »e structures are to be designed to resist a total 

| horizontal earthquake load "V acting parallel to each of the 

I 2ll d r\ 8eParately ‘ The roroe lH eompuLod 

| a ording to the following relation: 


V - 2.X.K.C.S.W 


.4.18 


Where: 2 = seismic zone factor = gcceleration of earthqu ake 

acceleration of gravity 

I - a coefficient depending on the importance of the 
building utilities. 

K = " C ° efficient depending on the type of the 

8 rUCtural syste ” designed to resist the horizontal 
applied loads ( Rigid frarae> ^ 

triangulated system, vierendeel, ....etc). 

C = the seismic coefficient. 

S ’ *'on thn dh«c lerl , tlo , of 
the soil. 

« —— 

weights of the partitions + 2SX of theT tT^ ^ lnClU<le ^ 

values don’t exceed 500 kg/m 2 or SOX if livT/T " ^ 
or exceed 500 kg/m 2 . ioads are equal 


The values of the coefficients Z, I s K and r 

computed using the fen • ’ K d c can he 

g the following tables which h=,„» u 

from the code of load., a x- h h been extr acted 

loads and forces ( 1993 ) 
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Table 4.3. seismic Probability Zone Factor 

See Fig. 4.9 


z 

Departments Comprising the 

Corresponding Zone 

Zone 

Number 

o. :i 

Some regions bordering the Med- 

iteranean Sea, the Ked Sea, Aswan, 

Fayoum, West Desert and Xsmailia 


B 

Some regions of Sinai, the Delta 

the Valey of Nile river, and the 

east and the west desert. 

2 

0.1 

The other regions not included 

previously. 

1 


Table 4.4. "I" Coefficient 


I 

Type of Building 

1.25 

o ■ • 

Special Buildings: 

This type includes buildings utilized mainly 
for emergency utilities after an earthquake: 

Hospitals, Police buildings, Communication 
Centers, .etc. 


Public Buildings and Common Buldings :- 


Dewelings, offices, schools, resturants, 
industrial buildings, . etc. 



















374 


CHAPTER 4 


Table 4.5. "S" Soil Coefficient 


Classification 

Type and Depth of "Soil" 

S 

1 

- Rock, dense or very dense sand. 

Very stiff clay or stiff clay; 

with depth exceeding 15 ms. 

- Sandy soil of medium density or 

cohesive clay or medium cohesive 

clay: with depth less than 15 ms. 

1.0 

2 

- Sandy soil of medium density, co- 

hesive clay or medium cohesive 

clay: with depth exceeding 15 ms. 

- Loose to very loose sand, weak to 

very weak soil : with depth less 

than 15 ms. 

1.15 

3 

- Loose to very loose sand, weak to 

very weak clay with : depth exce¬ 
eding 15 ms. 
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Table 4.6. (K) Coefficient 


K 

Structural System (Refer to Fig. 4.11) 


Buildings ©pmpneed of a box typo resisting the lateral 
lpads|either,shear walls or Braced Frames. 


i The rigid frames system designed to risist the whole 

lateral loads 

Steel frames. 

Reinforced concrete frames. 

1.00 

Buildings composed of moment resisting ductile space 
rigid frames and shear walls (or braced frames). 

The structural systems resisting the lateral loads 
are to be designed according to the following criteria: 


1- The rigid frames and the shear walls (or the tri¬ 
angulated systems) must resist the whole lateral loads 
according to their relative rigidities). 


2- The shear walls (or the triangulated systems) 
acting alone must resist the total lateral earthquake 
loads without the contribution of the rigid frames. 


3- The rigid frames acting alone must resist at 
least 25% of the total lateral earthquake loads. 
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* Rigid Frames Do not Resist 
Lateral Loads 



* Shear Walls and/or 
Triangulated Systems 



K=0.8 


* Rigid Frames And Shear 
Walls (or Truss) 



K=0.67 


|Fig. 4.11 Structural Systems Resisting Earthquake Loads. 

Structure Coefficient (Cl 

-Th. structural .seismic coefficient "C" d.pen, „„ the of 
of the structural system resisting the lateral loads ^ 
computed using the following equation: 

1 


C = 


15 iT 


= 012 .4.19 


" : 1=1*. fundamental natural p.nlod of the structure !„ 

seconds. 
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The value of "T" can be computed by applying tests on 
similar buildings or by using one of the available sophisticated 
methods. On the basis of measurements made on many existing 
structures, an approximate value "T" has been formulated as 
follows: 

(i) For buildings composed of moment resisting ductile 
space rigid frames designed to resist the total earthquake 

j 

loailn* ! 

T = 0.1 N .4.20 

Where :; N — the total number of floors including the basement. 

(ii) For other configurations of multi-storey buildings. 

0.09 H 

T = .. .4.21 

4 ¥~ 

the total height of the building measured above f 
the foundations (ms). 

the dimension of the building at the foundation 
level measured in a direction parallel to the 
earthquake loads (ms). 


Where : 


H = 


B = 


(C) Distribution of Earthquakes Loads: 

Static horizontal loads, acting at the slab level of each 
floor including the roof are computed as follows: 

W, H. 

/\W T- \ i 

• * -.4.22 


F. = J 


J N 
1 = 1 


( v - F ) 


Where : V = 


W . 
J 


H = 


As previously computed by equation (4.18). 
the design weight of the floor (j) 

the height of the floor slab (j) measured above the 
foundations level. 


*t --fr ' 
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Ft - an additional force acting at the roof slab level 
and is computed according to the following equation: 


For T > 0.7 seconds F. = 0.07 T.V. < 0.25 V 

i# 


For T s 0.7 


> f 


F t = zero 


4.23 


4-6.5.2. Response Spectra Method : 

This method is a semi-exact method and may be used for 
building wfteg# Height exceeds loo mu and is less than 150 ms. 
The shape and the structural system must be uniform. The ratio 
between the height of the building and its horizontal dimension in 
the direction of the earthquake loads do not exceed 5 . 


The effect of the earthquakes is taken as horizontal static 
loads acting at the slab level of each floor. These horizontal 
loads are computed using the dynamic characteristics : the natural 
period "T^" and the natural mode. 

These dynamic characteristics are to be determined using 
the modal analysis method. It is to be noticed that the 
computed horizontal loads according to this method must not be 

less than 80 K of the horizontal loads computed according to the 
equivalent static load method . 


(A) Seismic Design Coefficient (C ): 
-—— ___ r 


"C r ”is utilized for the 


A seismic coefficient 

r - — one 

computation of th. do.iqn aarthqu^o lo , ds to th. 

following equation. 


C = Z.I.S.a 
r r 


4.24 


Where : 


z, I, s - coefficients previously outlined in Tables 
(4.3), (4.4), and (4.5). 
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a r = mean acceleration coefficient which can be 
computed using Fig. 4.12 according to the 
natural period T and the modal damping (£) of 
the mode "r" of the corresponding structure. 


The values of "T^" can be computed using a free vibration 
analysis of the building and £ determined using a corresponding 
io i y t, ] tj me i.hod. u m to he noticed Uu*l the approximate 
values of £ can be determined using Table (4.7). 

Table (4.7) - Coefficient £; 


Type of Structure 

€ r 00 

Steel with welded connections. 

Prestressed concrete. 

2-3 

Reinforced concrete. 

3-5 

Steel with riveted or bolted connections. 

5-7 



3.2 











CB) Floors Modal Loads : 

The force ^acting at the floor level (j) induced due 

to the mode (r) is to be computed according to the following 
equation: 


F j " V C r-*j‘ W j 


. 4. 25 


Where :C., Wj are computed as previously outlined in Section 
4.6.5*1, 

fJ = the Component (j) of the modal shape vector (f) and 
can be computed using the modal analysis method. 

“r = the excitation coefficient of the mode (r) and can 
be computed according to the following equation: 


- i-1 


W. <p r . 

i l 


N 

E W,(<) 

1=1 J 1 


.4.26 


(C) Sheari ng Force at Slab Floors Level : 

The shearing force Vj acting at the slab floor (j) can 
be computed using the following equation: 


Where 


Vj - P) • 


N 

E 

T=1 


v 1 : 


fN 

+ p J e c/j 2 

r=l J 


.4.27 


p 

Vj = the absolute maximum shearing force below the slab 

floor J induced due to the mode (r) and can be 

computed by the summation of the floor loads F r of 

the mode (r) for the floor (j) and those above^t. 
That is: 


N 


V\ = £ F r 
J i=j 1 


• . . .4.28 
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While : p = a coefficient which depends on the total height of. 

the building and can be computed using Table (4.8). 


Table 4.8. Coefficient (p) 


Height 
(H) ms 

Till 

20 ms 

40 

ms 

.. 

60 

ms 

75 

ms 

(/') 

0 4 

or. 

0.8 

o.o 


4.6.5.3. Structural Dynamic Analysis : 

An exact dynamic analysis is to be provided for buildings 
fullfilling one of the following conditions:; 

(a) Buildings whose height exceeds 150 ms. 

'.(b) Buildings whose height is equal to or exceeds five 
times the least dimension in the building plan 

configuration. 

(c) Buildings of non uniform structural systems. 

(d) Building of irregular shapes. 

(e) Buildings of appreciable drop with respect to the 
horizontal resisting structural systems regarding the 

;■ successive floors. 

(f) Buildings whose configurations provide an eccentricity 
exceeding 25% the maximum horizontal dimension in plan, 

f measured in the normal direction to the horizontal 
loads. 

(g) Buildings of special structural characteristics. 


The dynamic structural behavior is to be determined due to 
the ground motion by integrating the motion equations of the 
structure with respect to the time. The dynamic analysis must 
provide the dynamic characteristics for both the structure and 
the soil. 










vai/vr i Hjjtv <4 


4 - 6 ' 6 ’ Allowable Horizontal Displacements : 

The relative horizontal displacement between two successive 
floors, due to the horizontal earthquake loads, must not exceed 
0.004 the level difference between these two floors. 

, 4 ' 7 ' —- gU l ar funiform) ^ Irregular Structures: 
f 4 - 7 - 1 - Regular Structures : 

*" ...» ...=» pr.vlou,!, ...nil.,,,,. SocUon „ 6 s 

i. to b. „tui«d only for „ nlt - 
; To obtain a r . eul „ , truoture the 

following conditions must be fullfilied: 

(a) Uniform response to ground motion. 

Cb) Continious vorUoal etruetur.l ey.to. till the fou^tloo 
level 

(c) Uniformly distributed mass. 

Cd) Symmetrical plan structural system. 

If any one of these conditions is not satisfied an exact 

ynamxc anaXysis is requested in order to obtain the real 
behavior of the structure. 

I 4 - 7 - 2 ’ Irregular Structures : 

one o^UIT 1 ■ t "‘ Ct,,ral - - attributed to 

one of the following reasons: 

(a) Vertical G eometric Irregularity : 

Fig. 4.13, illustrates two configurations of vertical 
jeometnc irregularities where , , vertical 

llarged base structure at the f T C ° rreS P° nds to an 

jentral tall building Whil , SeC ° n<1 fl °° rS WUh 3 

K, g ‘ Whlle case (b) shows a building of the 

l^uhereeu^teh^eiu the vertical ^ruetu^el 

ittl^the ? t0 fUUflU tta ■"*““*«* "—Ob 

|lttmg the peripherical columns. 
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CeX Vertical Strength 
Fig* 4.17; shows a we 
intermediate columns of,'' 
strength irregularity. 




»' a n i i 

:tural* s 


W'WM. 


dynamic cha 


i^ntioned 


(b) Plan Irregularities ; 

If any one of the following conditions excists, we obtain 
an irregular structural plan: 

~ Out-of-plane offsets. 

“ Nonparallel systems. 

~ Torsional irregularity. 

i ccitlt'ciuL corners, 

“ Diaphragm discontinuity. 

The configurations illustrated in Fig. 4.14 represent the 
different possible plan structural irregularities. 

Cc) Weight (Mass) Irregularity : 

If the last story (fig. 4.15.a) or intermediate stories are 

utilized for storage purposes while the others for residential 

or office utilities, hence we are dealing with a Mass 
irregularity. 

(d) Vertic al Stiffness Irregularity (Soft Story) : 

Fig- 4.16, illustrates a soft storey at the ground level. 
Such configurations will provide an irregular vertical 'stiffness 

F i __1_* 


storey at the ground level. The 
floor will provide a vertical 


any one of these 
is required. The 
where the different 
' don *t provide any of the 
of these irregularities. 








i-js.n&lu 




Fig. 4.15 Mass Irregularities. 


Shearwall 
'or Braced Frame 




















So 

ft Stc 

ry 


J_[_ So ft Stc ry 

Fig. 4.16 Vertical Stiffness Irregularities. 


Weak Story 

Fig. 4.17 Vertical Strength Irregularities, 
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4-8. Dynamic Behavior of Traditional and Modern buildings : 

Definition of a Traditional and a Modern B uilding: 

One of the most important questions that arises today is 
the performance of traditional and modern constructions 
regarding the earthquakes. By traditional buildings we mean a 
steel or reinforced concrete frame with reinforced concrete 
floors, concrete stairs, brick masonry partitions and thick 
exterior brick walls with relatively small windows. A modern 



|>sorptioji 


construction consists of a steel or a reinforced concrete frame 
with light steel);;, floor decks and light weight concrete, light 
weight partitions and glass facades set in aluminum frames. 


Factors4?Affooting the Compa rative Study: 

subject to strain by the 

? nqt only as a mass, but in energy 

-V iK-::' - •/ ... 

jpffpL'lure. / ' ■ :v ■ 

these materials absorb more 

wmmm^ ■>> *■■■ 4 

movement by grinding and hammering 
^together.. ; v 

3# Ma ^friiJf baye many properties in addition to strength 
Ijpnd elasti Sily_|^rh^sd^varidus;“:properties and their variations 
should be considered up to the point of rupture. 

4. Materials in both old and modern structures vary in 
| amount, character and disposition over a wide range, thus the 
I observed results cannot be logically or safely applied in 
ft general to all structures. 


5. Severe earthquakes accelerations can be many times the 
code values. The resulting straining actions are not 

necessarily equal to the mass times the acceleration because of 
yielding. 
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6. Earthquakes have a vertical as well as horizontal 
movement. The vertical component which is usually neglected may 
have considerable potency because the structure may be quite 
rigid vertically. Moreover this vertical component may reduce 
the weight of some elements whose weight has been taken into 

consideration. 

7. Earthquake damage, unless fully repaired, can be 
cumulative from one earthquake to the nexL. lienee the expected 
characteristics may be misleading in false if the appropriate 
repair is not provided. 


C«otro IB40(N-S) 
Cod« 


1956 Uniform Buildko* 
r" - Cod. 


\ *.\ 

YA 

W\ 

v) 


El Cairo 
l934(A-6) 

\ 


/V 

1958 3.0 _/ 
-Fr.acLsoo Cod* \ 

5 - \ 


^\\ \ 

1955 Uniform \ 


\\J^SSiS5" 


Street i 


i lcm“T5tons 

I , 

Cumulative Shear 


Street I 


—-1908 3.0 y 

Francisco Cod* w l cm «75ton* 


Cumulative Shear 


(a) 15-Story Traditional Type Bidding (a) 15-Story Traditional Type Bulding 
Fig. 4.18 Comparison of Results (Severe Earthquakes). 


"BLUME" in a research work entitled ^structural dynamics in 
earthquake-resistant design*-, studied the behavior of several 
trial frames of the modern type buildings. He has used different 
stiffness characteristics and different assumed damping 
characteristics. The 1940 El-Centro shock and other earthquakes 
were,^erap^lqyed ;in the study. Some of the results are shown in 
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Fig. 4.18 4 Blume concluded that the dynamically computed 
shears for the El-Centro earthquake were much greater than those 
computed using h the excisting codes. 


Sir- foli ° ws ; 


C2=0 - 3) > the dynamic shears 
thOSe required hy the earthquake 


s™ ’ the induced deflections ' and 

J^te)ral ;?; £r^^ ? pt i i!|^ep^;jf:toP%' ; ' : '’considerable degree' on +h 

te*^® 

It proved thut the Induced eheene greater then tie,. 


* 3 - F ° r tradiU ° na l hniidings, the existence of walls 

partitions and stairs induce strength and rigidity many times 

those induced by the frames which are intended to provide the 
entxre structural resistance. Thus , for moderate earthquakeg 

e traditional buildings have always proved to behave safely. 

4. For severe earthquakes, these traditional buildings 

cannot behave safely until the surrounding rigid materials have 
tailed. 


s. For .od.rn buildings, when. lh » lat .r.l 
«nt.r.ly resisted by the fraa.s, laP g 0 rtor , ^ 

observed „ oajor esrtb W b.s, „hil. ,„r „ „ 0 derat. 0 „e t h. 
amount of distortion -to 

_ an a PP reci able degree meeting the 

present-day seismic codes. 
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6. The excisting codes are adequate for moderate 
earthquakes for both traditional and modern buildings. On the 
other hand, for major earthquakes, it is recommended to apply an 
exact structural-dynamic analysis inducing realistic forces and 
shears. 


In fact the Equivalent static load method^ is an 

<>•/<-» If 1 ■ a! ion ul c» vci y « «*1111) I k ax il»Jot I q« k( naLuicd !y 

cannot provide consistent results. This method is considering 
that the total earthquake values of various types of buildings 
and structures are proportionate to the lateral-force factors 
used in the design. This is not necessarily true. However the 
application of the ^Equivalent static load method >:> is practical 
for moderate earthquakes where the obtained results are quite 
satisfactory with the real behavior. 


4 * 9 *. Comments Regarding the Methods of Analysis : * 

1. Spectra Response and Dynamic Analysis Methods : 

As a matter of fact the application of the "SPECTRA 
RESPONSE' method (Section 4.6.5.1) as well as the ^STRUCTURAL 

DYNAMIC ANALYSIS (Section 4.6.5.2) are out of the scope of this 
book. - ! 

2. Equivalent;Static Method : 

i alternative is to use the ^Equivalent Static 

Meth0d whlch is based on coefficients representing the dynamic 
characteristics of the structure and the soil. 

3. Al lowable Stresses for Structural Elements : 

€ M ° St ° f the Codes a11 over - the world allow the use of the 
Equivalent static method*in order to determine whether or not 
the earthquake loads will govern the design. It is to be 
remembered that for an earthquake case of loading, the allowable 





stresses are increased by 15% , That i s: a ca se of loading 
in cluding —the—dead,_ live and earthquake loads . 

^ Stresses for Bracing Members and Connection : 

I For steel bracing members and connections the allowable 

stresses are not allowed to be increased. 

Hoc,rriulonL j 

It is to be observed that the zone coefficient for zone "3" 

= 0.3) corresponds to a moderate earthquake where its Richter 
magnitude is ranging from 4 to 6. 

— Ductile Sp ace Rlgj.j Fra ,.. . 

Tl,. opti„ « tructural syslem> r „ pond . ng ld<auy ^ 

" co,,p«. a ot „, latlng ductlle 

pace fra .„ a „ lgnM t<> _ esist tto tot>i 

0 ,rr: " h=re th ' “ ruct “ rai 

. ■ e ynamlC cllara cteristics of these systems allow the 

absorption of the dissipated enerzv r 

, 1 ^ energy. For such types the 

:~ZT~ dlSPlaCementS « according to 

4.6.6 (this is what we call building drift). 

7_. Vierendeel Systems : 

For vierendeel systems the "v** r- 

taken i. 0 . We do be ievT that a ^ ^ ^ ^ 

less than 1 n r. 6 realistic value must be 

an 1.0 (triangulated system) 

-r——- zjzzjzz 

-u rjr - k ■ 1 ° - — - 

8. Inelastic Behavi^- 


45 l ”“ ln s . otldn 4 6 


the 
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structural system can allow failure of some of the structural 
elements without reaching a complete failure for strong 
earthquakes happening perhaps every 100 years. For such a 

situation the behavior of the structural system is inelastic . 
Hence, attention must be concentrated on the following: 

(a) The plastic hinge must be located outside the 

tin 

connections* 

(b) The triangulated systems (Truss type) are the weaker 
structural systems regarding the inelastic behavior. Modified 
truss systems have prooved to behave successfully in the 
inelastic range. 
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R.C slab (thickness 10 cms) = 250 kg/m 2 . 

Flooring = 150 kg/m 2 . 

Walls (Brick type) = 250 kg/m 2 (Masonry wall of thickness 
25 011,8 for the Perimeter and 12 cms for the inside partitions). 
Total dead load/floor = (0.075 + 0.25 + 0.15 + 0.25) x 40 x 

15 ='435 tons. 

tlv# toada i 

According to the E.C.P (1999) the intensity of live loads 
for residential buildings is 200 kg/m 2 of covered area. 

Total live load/floor = 0.2 x 40 x 15 = 120 tons. 

Refer to Section 4.6.5.1. 

Equivalent Static Load Metho d 
W J = 435 + 0.25 x 120 = 465 tons. 


w 

= 5 x 465 = 2325 tons. 


z 

= 0.3 

(zone 3) - Table 4.3. 


I 

= 1.0 

(residential building) - Table 4 . 4 . 


s 

= 1.0 

(stiff clay) - Table 4.5. 


K 

= 1.33 

(Bracing system of the triangulated 

type) - 

C 

1 

- t - 0.09 H 

Table 


15 JT 

Cl- —---- 

Tb 


Transversal Direction: 


H 

= 5x3 

+1.5 (below ground level) + l.o (parapet) 


= 17.5 ms. 
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B = 15.0 ms. 

Hence: T = 0.407 
C = 0.1045 

Applying in equations (4.in) a„ ( , ( 4 . 21 ) wo 

V - 0.3 x 1.0 x 1.0 x 1.33 x 0.1045 x 2325 = 97.0 ton: 


F t = zero ( T being < 0.7 ) 


W 1 H 1 
F sr J J 

j! u 


. V 


(III 


f "l H l 


Where : W = U = u - 

J 1 2 . = ^5 = 4 *>5 tons. 


H 1 * (3.0 + 1.5) = 4.5 ms. 
H 4 = 13 -5 ; H g = 16.5 ms. 


H 2 = 7.5 


H 3 = 10 - 


Hence : 


F a 465 x 4.5 

1 4W> (4.5+7.5+10.5+13.5+16.5j *97.0 


=8.0 tons. 

F 2 =13.85 ; F 3 = 19.38 ; Fj = 24. 

Check I Fj = y (o . k) 


92 ; F_ = 30.46 t 


ij p ri t r ii L ■*- - *- - 

f b » -»*, J d loa,,s "j 

™ o f t*. f «. <2 ’ *• * 
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Fj = 10.58 ; F 2 = 17.5 ; F ' = 24.7 j ?' J" 31 . 


77 


F 5 = 38.83 

Earthquake loads in the longitudinal direction will be 
transmitted to system (3) by a force R 3 and a moment H. 

(/here : 


M X 15 

j 2 


The moment "M” will h/r OC { B * ^ ^ 

acting nr, ted by an equivalent couple 

acting upon systems ( 1 ) and (o\ . P 

below: ’ M iUustrate d in the Fig. 


R 1 ~ R 2 = T20-7-127 


M 7 '5 F 

- = 0 . 


32 


234 F j *' ons * 


(3) will l0M “ “ *»*— «M2) 


9.08 



38.83 
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Joint Loads 

!Tons) 




1 

2 

3 

4 

5 

System 

(1) 

Wind 

5.265 

5.265 

5.355 

5.790 

2.890 


EarthQ. 

3.100 

5.200 

7.260 

9.350 

11.42 

System 

(2) 

Wind 

8.770 

8.770 

8.910 

9.650 

4.820 

Earth!) 

5. 1 no 

U f,% o 

1 7 1 I 

I % v; 

rnu 

System 

(3) 

Wind 

5.265 

5.265 

5.350 

5.790 

2.890 

EarthQ. 

10.58 

17.50 

24.70 

31.77 

38.83 


N.B. The wind loads of example 3.1 have been increased by to 

take into account the effect of the leeward side while’ the 
intensity of wind loads q has been taken 90 kgs/m 2 (Mersa Matrouh) 
“ll = W 21 = °- 8 x 90 x 40 x 3.0 x ~ x 1.625 = 5.265 tons 

w 31 = 0.8 x 90 x 40 x (2.5 + 0.5x1. 1 ) x 1.625 = 5.35 tons 

w 41 = °’ 8 * 90 x 1.1 x 40 x 3.0 x | x 1.625 = 5"!79 tons 
1 

w 5 j® 2 w 4 i = 2.89 tons 


Similary for system (2) we can compute the following ;- 
W 12 = W 22 = 8 ‘ 77 1 V W 32 = 8 ' 91 1 > w 42 = 9 65 t 5 w 52 = 4 -82 tons 

R e garding system (3) we can get 

W 13 = w 23 = 5 -265 t ; " 33 = 5.35 t ; w 43 = 5.79 t ; w 53 = 2.89 tons 

For illustration the maximum induced force in each of the 
wind bracing systems for both the earthquake and the wind loads 
action is as given in the following Table 

From the Table we can deduce: 
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earthquake loads are also valid for reinforced concrete 
structures . The triangulated steel systems (1), (2), and (3) 
are to be replaced by either one of the following two concepts: 

(a) Shear wall. 

(b) Rigid reinforced concrete frames. 

2- The only difference consists to increase the own weight 
of the structure itself , i.e. the own weight of steel in to 
be increased to 3 times its value to take into account the own 
weight of R.C beams and columns. (The own weight of the 
reinforced concrete structure is to be taken equal to 225 kg/m 2 
instead of 75 kg/m 2 ) . ~~— 

3- From the previous table it can be observed that the 
earthquake . loads governs the design for systems (2) and (3) for 
zones (2)1 and ] (3) . While for system (1) the earthquake governs 
for zones (2) and (3) and wind governs the design for zone (1). 

(1) , (2) and (3) are to be compared to an intensity 
of wind 70 and 50 kg/m 2 respetively. 


Example (4.2) : 

Consider the structural system of the five storey office 

building of Example 3.6 and compute the distribution of the 

earthquake loads in the transversal as well as the longitudinal 
directions. 

Solution 


Assume that the rigidity of the Virendeel systems (1), (2), 
{^) & (4) is identical. Consider the three zones of earthquake. 












^£^jgn_ of Center of Gravity ; 
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e x = 3.0 ms. 


Applied Dead Loads : 

Assume own wt of steel structure 


R-C slab (thickness 12 cms) 
f 1 »»or i i»h 
Masonry Walls 


e = 100 kg/m' 

= 300 kg/m 2 

~ 1 ■*■*<> kg/m' 

“ 250 kg/m^. 
800 kg/m^ 


T.f! d., d loM^W - 0.8 . 20 * 21 = 3 36 too.. 



60m I 3.0m | a.( 



Longitudinal 

Direction 


—t 

^Vierendeei System 

S-3.0ma (2) & (4) 
S»4.0ms (1) * (3) (l 


Applied Live Load^. 


For Wld!, porpo... lnlonsUy of L L . 3m ^ 

“ lrad/,1 “ r * = 126 too.. 
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Equivalent Static Load Method 

W. = 336 + o.25 x 126 = 367.5 tons. 

J 

W = 5 x 367.5 = 1837.5 tons. 

Z - 0.3 - zone (3) - Table 4.3. 

I = 1.0 - Office building - Table 4.4. 

S =1.0- Stiff clay - Table 4.5. 

K « 0.67 - Bracing system composed of rigid frames 
Vierendeel systems - Table 4.6. 

C = — . . Where: T = 0.1 N (Rigid Frames) 

15 4T“ 

Longitudinal Direction: 

H =5x3+ 1.5 (below ground level) + 1.0 (parapet) = 17.5 
B = 20.0 ms. 


Hence: T = 0.5 ; C = 0.0942 

V = 0.3 x 1.0 x 1.0 x 0.67 x 0.0942 x 1837.5 = 34.79 tons. 
F t = zero ( T < 0.7 ) 


F. = 


W. H. 
J J 


pi H i 


. V 


Hence : F. = —- ^ x £• _ 

1 367.5 (4.5+7.5+10.5+13.5+16.5) 


x 34.79 


- 2.98 tons. 


F 2 = 4.96 


F 3 = 6.95 ; 


= 10.93 tons 


'heck : [ F = V (o.k) 

J 


F 4 = 8.94 











jfLjjg Jongitudinal direction : ~ 
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e x - 3.0 ms 


The moment due to the eccentricity is : 

M = F..e = 3F 
J x r j 


Hence : 


n - F J ' 

” 'l 1 *3 


M. X, r, 

C X 2 + I X 2 + I Y~ 2 4. T V”- 

1 3 3 2 2 *- 


4j 4 


R . F j *3 M. X„ I„ 

3j ~T~n- + —_ 

3 X 1 X 1 + r 3 X 3 2 r : 

z ^ 4 4 


. _ F i 3 F x 7.5 F 

i.e. R = + J j 

132 120.5 = -* * 0.1867 F 


R ii = 0.313 F 


R 3 j = 0.686 Fj 


While : R - n 

2j ~ R 4j 


M X 0 
2 2 


£ *i X I +I I 4 yj 


3 F, x 2 
”120.5 


0.05 F. 
J 


Where 




• ^ = 13 = J 2 = = I- 

X 1 = x 3 = 7.50 m 
Y 2 = = 2-00 m 


direction •- 


ac 



















w.?.. 
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10.5m 


Longitudinal 


Direction 


System (1) 

System (3) 


Systems 
(2) Sc (4) 

Transversal Direction: 

H = 17.5 ms ; 

B = 21.0 ms. 



T = 0.5 ; 

C = 0.0942 



The properties of the building in both 
same , hence the F forces are the same. 

the 

main axes are the 

F 1 = 2.98 ; F 2 = 

4.96 ; F 3 = 6.95 

; f 4 

= 8.94 

F = 10.93 tons. 































R- = R . ... 

2j 4j X o * 

4 


F i • I, F * 
J £. = . J 
2 


Hence the final distribution of the applied earthquake loads 
on systems (2) and ( 4 ) i n , 

follows : transversal direction will be as 


5.46 


m 


.Vs"..-A 




4.47 


3.47 


2.40 


1.49 






Systems (2) & ( 4 ) 

K The applied wind loads due to q = 90 8n . 2 

corresponding to zones ( 3 ) (2) and fll ’ 50 ^ 

follows ’ ”d (1) respectively are as 

?2™J2L^3 ^ _gO kg/m 2 - System Mi 

" 2 *' °' 313 1 °- 8 * 9 °- 21 * 3.0 * t . 625 , 2 . 307 tons 

* 0.8 x 90 x 21 x (2.5 + 0.5x1. 1 ) x 1-625 = 2.34 tons 

**51” 2 **41 = ^*27 tons 
The factor (0 3ni _ 

(1 ’ 625) ^lZ S ^7 s [ll of h “ e nd t a h c e tio f n Ct ° r 
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System (3) 


Use the factor (0.686) instead of (0.313) and compute the 
following 

R 13 = R 23 = 5 - 05 t ; IW= 5.13 t ; R = 5.56 t ; R = 2.78 tons 


System (2) and (4) 

R 12~ R 14 =R 22 = R 24 = ^°' 5 * x °* 8 x 9 0 x 20 x 3.0 

i/n i I li \ y , 


x 1.625 = 3.51 t 


R 32 R 34 3 ' 55 1 : R 42~ R 44 = 3 ’ 85 1 • R 52 = R 5 4 = 1 - 93 tons 




5 


4 


3 


2 


1 

0 



(2) & (4) 


Zone (3) 


Joint Loads (Tons) 


3 4 



5.05 5.05 

EarthQ., 2 .04 . " 3.4 
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«t :v‘r" u ii “ gov ° r " ing c “* ° f ioadins - ■**”- »“*«* 
:: :;™f *—-—— 


System (1) : - 


Zone ( 3 ) (Hind) - 5.37 * 2.23 . 12.0S t .„. 

H (Earthq) . 6.72 x 2.25 - 15.12 t... 

Zone (2) M (Wind) = x ,? na _ a An 

o 90 x 12 -08 - 9.40 t.m. 


M q (Earthq) = 4 .48 x 2.25 . 10.08 t.m. 


Zone Cl) M (Wind) 


x 12.08 = 6.70 t.m. 


M o CEarthq) = 2 . 24 x 2 . 25 = g Q4 t m 


System (2) & (41 ._ 


Zone (3) M<) (Wind) = 8. !75 x 2.25 = l 8 . 40 t.m. 

M o (Earthq) = 8.685 x 2.25 = 19.54 t.m. 
Zone (2) M (Wind) = 70 - _ 


x 18.40 = 14.30 t.m. 


Zone (1)M (Wind) 


M o (Earthq) = 5.90 x 2.25 = 13 .02 t.m. 


x 18.40 = 10.22 t.m. 


M o (Earthq) = 2 . 90 x 2 . 25 „ 6 52 ^ 


System (3): 


Zone (3) M q (Wind) = 11.80 x 2.25 = 

M o (Eart hq) = 11.90 x 2.25 = 


Zone (2) M (Wind) 


26.55 t.m. 
26.77 t.m. 


x 26.55 = 20.64 t.m. 


M o (Earthq) = 8 .00 x 2.25 = 


Zone (1)M (Wind) 


18.00 t.m. 


x 26.55 = 1 4 .75 t.m. 


M q (Earthq) = 4.00 x 2 . 25 = 


9.00 t.m. 
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Comparing these results we can deduce the following: 

1- For zone (3) the earthquake governs the design only for 
system (1), while for the same zone the results showed for 

system (2) , (3) and (4) that both wind and earthquake are 
approximately the same. 

2- For zones (1) and (2) the wind governs the design for the whole 
systems 

> U la t«» |>o ollHoi vml Uml. l!»o ilgld «t.oc| Homo la the Optimum 
choice to withstand the earthquake lateral loads, while if 
vertical steel trusses are utilized, the earthquake will govern 
the design for the three zones . 

4” The Previous results are based on the fact that the stresses 
for both the wind and the earthquake loads are to increased by 

15 7. . Both cases of loadings are governed by case of loading 
(II) . 

5- The previous analysis is valid for both steel and reinforced 
concrete structures only K is to be replaced by (0.8) 


Example (4.3) : 

The Fig. below illustrates the plan of an office building 
composed of 12 stories 3.0 ms height each. The facades are 
provided with vertical columns spaced 3.0 ms as shown by the 
black round points in Fig. Composite floors are serving as 
rigid diaphragms tying the exterior columns to the central core. 

It is required to compute the axial thrust induced in the 
exterior columns due to the earthquake loads, (zone 3 ; S = 1 . 3 ) 


Solution 











Assumptions : 


1- Only the exterior columns will resist the lateral loads. 

2- The building is visualized as a huge cantilever box beam. 

3 ~ Any Shear lag at the intersection of the web walls and the 

flange walls may be neglected (i.e. columns at the four 
corners.) 


Applied Dead Loads : 

Weight of steel structure 
R.C.slab (thickness 12 cms} 
Flooring 

Walls (masonry walls) 


= 120 kg/m m 
= 300 kg/m 2 . 
=150 kg/m 2 . 
= 250 kg/m 2 . 

820 kg/m 2 . 


Total dead load/fw = 0 . 82 (30 , 30) „ „„ w 


Live Loads: 


Intensity of live loads for office buildings = 300 kg/ m : 
Total live load/floor = 0.3 x 30 x 30 = 270 tons. 
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Equivalent Static Load Method 
Wj = 738 + 0.25 x 270 = 805.5 tons. 

W = 12 x 805.5 = 9666 tons. 

2 = 0.3 - zone "3" - Table 5.3. 

I = 1.0 - office building - Table 5.4. 

S = 1*3 - Table 5.5* 

K a 0,67 - Envelop structural system of steel rigid frames 

“ Table 4.6.“ 

T = 0.1 x 12 = 1.2 ; C = — -■ - = 0.06086 

15 4172 

Transversal/Longitudinal directions: 

Due to Symmetry the behavior in the transversal and the 
longitudinal directions will be identical. 

H =12x3+1.5 (below ground level) + 1.0 (parapet) 

= 38.5 ms. 

B = 30.0 ms. ; T = 1.2 ; C = 0.06086 

V = 0.3 x 1.0 x 1.3 x 0.67 x 0.06086 x 9666 = 153.7 tons. 
“ 0.07 x 1.2 x 153.7 = 12.91 tons. 


Hence 

W. H. 

F = - J J ( V - F. ). 

£ w. ^ 1 

: i 






F x =2.69 , F 2 = 4.48 , 

F 3 

=6.27 , 

F 4 

= 8.07 


F 5 = 9 ‘ 86 ’ f 6 = 11-66 , 

F 7 

= 13.45 , 

00 

= 15.24 

Check 

F g = 17.03 , F 1q = 18.83 , 

£F. =M-F t (o.k). 

F u 

= 20.62 , 

F 12 

= 22.42 
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If all columns are assumed to have the same cross 
sectional area A. 




= 4A (3 2 + 6 2 + 9 2 + 12 2 ) 

+ 11A x 2 x l'5 2 


X 


- 6030 A 

The induced moment at (s-s) is: 


12 

M = EF.H. 
1 


J J 


M = 2.69x4.5 + 4.48x7.5 + 6.27 

xl0 -5 +.+ 22.42x37.5 

+ 12.9x37.5 

= 4497.5 t.m. 


Force distribution on columns 269 
will be as shown: 


22.42 

@ 


20.62 

© 


3.0ms 

1.8.83 



3.0 

iv. od 

<8> 


;u> 

15.24 



3.0 

13.45 



3.0 

11.66 

© 


3.0 

9.06 

1 © 


3.0 

8.07 

© 


3.0 

6.27 

© 


3.0 

4.48 

© 


3.0 

2.69 

© 


'3.0 

S__. 


_s 

4.5ms 


The axial thrust in columns can be computed as follows: 


N 0 = o (columns on the N.A) = 0 


N i = ■ N i = 

x 

N 2 = -»; = 2ji5 

X 

X 

U M = - H = *JL1Z 


a - 4497.5 x 3 

6030- = 2m23 tons - 


A = 


_ 4497.5 x 6 

6030- = 4 * 47 tons - 


A = 6.7 tons. 

A = 8.93 tons. 


While each of the columns on the side (AB) are subjected to 


an axial thrust: N = - N" 

AB n AB 
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Where : 


= - N'' = 


4497.5 x 15 
6030 


= 11.18 tons. 


Tension 


Compression 


* $ $ l 0 1 u :i * A 


Tension + 




I Compression 


^ 4^210 


1 2 3 4 B 


38.5ms 


Wind of zone (3) q = 9 Q kg /m 2 
w 1 58 0.8x90x30x10 = 21.6 tons 


w - 0.8x90x1.1x30x10 = 23.76 tons 

6 

w 3 = 0.8x90x1.3x30x10 = 47.73 tons 


21.5ms 


11.5ms 


M A - 21.6x6.5 + 23.76x16.5 + 47.73x30 
= 1965.09 t.m. 


N AB = 1965 -09 x x i.625 = 7.94 tons 


To illustrate how much these induced forces are importan 
consider the flooring beam system shown in the Fig. below: 













A A-J J. V 


Con sider Column "2" on ap . 

Oue to D.L and D.L. , this column will be subjected to 
following normal compressive force; 

N 2 = 12 X i X (0 - 82 + °-3) X 7.5 X 3 = 151.2 tons. 
Hence: N ? (Earthquake)/^ (D.L + L.L) = 11.18/151.2 = 0.074 



gg£gider Col umn » 0 - on Ap . 

N ° (D ' L + L ' L) = 12 * 5 x (0 - 8 2 + 0.3) x 10.5 x 3 
“ 211.68 tons. 

(Earthquake )/N q (D.L + L.L) = ll.i 8 / 211 . 


68 = 0.053 


^i^Colun^^ on Side AB: 


(D.L + r j i - 10 1 

3 -L) - 12 x - x (0.82 + 0. 


- 90.72 tons. 

N 3 (Earthquake)/N ( D .l + l.L) = 


3 ) X 4.5 X 3 


11.18/90.72 = 0.123 
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Consider Column "4 11 on Side AB: 

N 4 (D.L + L.L) = 12 x ~ x (0.82 + 0.3) x 1.5 x 3 

= 30.24 tons. 

j " ; 

N 4 (Earthquake )/N 4 (D.L + L.L) = 11.18/30.24 = 0.37 

Consider Column "5" on Side AB : 

(D.L + L.L) = 2 x (N^ + + N^) — 544.3 tons. 

N 5 (Earthquake)/N^ (D.L * L.L) - 11.18/544.6 = 0.02 
Conclusions ; 

1- Comparing the previous results, we can deduce that only 
columns "4" are exceeding the ratio of 33% as have been 
previously outlined in Section 4.6.4. For such a situation, the 
earthquake effect is to be taken into consideration. 

2- The previous results have been computed for an 
earthquake of Zone "3" (Z = 0.3), while for zones 1 and 2 one 

can observe that the wind action will govern the design for 
column "4" only. 

is be observed that the previous analysis is 
som ewhat a qualitative analysis where the induced moments due t o 
the def ormed shape of the structure have been neglected. Fo r 
both wind and earthquake actions a second order analys is 
c omprising the deformed shape of the structure is essen tial i 
order to conclude a real behavior. 


Example (4.4) : 

Repeat example 4.3 using an area 20 x 45 as shown in the 
Fig. below. 

Solution 











From the previous example we get: 

W = 9666 tons ; Wj = 805.5 tons. ; H . 38.5 ms. 

2 = 0.3 ; I = 1.0 ; S = 1.0 ; K = 1.33 

Transversal Direction : 

B = 20.0 ms. ; T = 1.2 ; C = 0.06086. 

V - 0.3 x 1.0 x 1.3x0.67 x 0.06086 x 9666 = 153.7 tona 
F t = 0.07 x 1.2 x 153.7 = 12.91tons. ( F t > 0.7 ) 

V- = 150.79 tons. 

I x - 2 x 10 x A x 10 2 + 4 x A x 5 2 = 2100 A. 


M - 4497.5 t.m. (as pervious example) 

N = 4497 - s x 10 x A 

2100 A =21.41 tons. 














4497.5 x 22.5 A 
7162.5 A 


= 14.12 tons. 


From these calculations we deduce that the transverse 
direction is the critical one. 

General Remarks : 

1- The dimensions of the building being changed' 1 '' from the 
square configuration (i.e. 1 : 1 ) to a rectangular one (1:2.25), 
the corresponding induced normal force due to the earthquake 
action has increased by j ( 21.41 / 11.18 = 1.91 ). 

2 - tt is quite evident for buildings whose dimensions are 
becoming more slender, the induced earthquake normal forces will 
be more|critical. 

3 " T ° J f ;1UStPate the in, P° rtance of the normal force induced 
by the earthquake loads, consider column "o" 

N o (D.L+L.L) = \ x 12 x (0.82 + 0.3) x 7.5 x 3 = 151.2 tons 

N o (Earthquake ^(D.L + L.L) = 14.12/151.2 = 0.094 
sUll less than 33% (hence the earthquake is not governing). 











example (4.5); 
frame offeee bu U «„ g ZTTn f"" 

z:~:; «» r “z:: 


Solution 


















wind Action: 


The applied wind loads are computed as follows 


W 4 =0.594 


W 3 =1.134 


Wp = 1.08 



10.0ms 


4 t 0 .' 



4.0ms 


10.0ms 


M 1 = 0.8 x 5.0 x (2 + 1.5) x 90 = 1260 kgs. 

W 2 = 0.8 x 5 x 3.0 x 90 =1080 kgs. 

w 3 = 0.8 x 5.0 x (1.5 x 90 + 1.5 x 90 x 1.1) = 1134 kgs 


» 4 = 0.8 x 5.0 x 1.5 x 90 x 1.1 = 594 kgs. 

Hence we get : 

£ W(wind) = 1.625 (1.26 + 1.08 + 1.134 + 0.594) = 6.61 tons 

\ 

To include leeward side effect add 5 i. e . 1.625 

0.8 *" 

^ „ . 6.61 x 5 _ 

1-1 x 4-l- 04 - 1.377 tons. 


_ 6.61 x 7 


x ?-i ~ = -- = 1.928 tons. 
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-1 = V A -1 = 

24 ---— 


625 


- 1.80 tons 

M A = M d = 1-37x2.75 = 3.767 t.m. 


M B = M r = 1-928x2.75 = 5. 


"a " ",j ” 1 1 "'■» ' 


3 t.m. 


1.8 

- 1.37 


rcsstar 


1-928 1.928 



1.8 

- 1.37 


D 


Earthquake Loa ds 

Applied Dead Loads: 

Assume own weight of steel structure 
Reinforced concrete slab ( 14.0 cm) 
Tiles and covering traditional mat 

vr i i 


= 100 
= 350 
= 150 


-- — 1JU 

Walls (partitions and exterior facades) = 250 


kg/m 2 . 

kg/m 2 . 

kg/m 2 . 

kg/m 2 . 


Dead loads/floor = 0.85 x 24 x 25 = 510 tons 
Applied Live Loads : 

Live loads/floor =0.3x24x25= ISO tons. 

ggHiZ gient static M ethnH 
W j = 510 + 0-25 x 180 = 555~^ 

W = 555 x 4 = 2220 tons. 

I -~o °67 ‘ 1 = 1,0 ; S = 1 -° (Rocky Soil) 

K ~ °- 67 (ZiZid Steel Frames) 

T - 0.1 x 4 = 0.4 (Equation 5,20) 


850 kg/m" 


C = 


15 rr 


= 0.1055 


V - 0-3 x 1.0 x 1.0 x 0.67 x 0.1055 x 2220 = 47.07 tons 


F t = 2ero c T < 0.7 ) 















iiilfVN*"' 

‘CHAPTER 4 


419 

r 


H . = 5.5 ; H. 

= tt ^ 

. tr _ - - 

• 


» - 3 “ 5 \ = 14.5 ms. 


F ! = 6-47 ; F 2 = 10.0 ; F = 13.53 ; F. = 17. 


06 tons 


v ~ £ F j (ok). 


Th..e „« resl , ted by four 

and two edge rigid frames. Hence the F 

5 rigid frames. J ° rCeS “** resisted *»/ 

Divide the computed F. forces bv q t 

distribution earthquake load ° & ^following 

earthquake loads on each of the rigid frames m» 

edge two frames are assumed to resibt half the , „ 

intermediate frame . aPPUed loads - an 


3.4 1_ 

2.7^ 

2 .0^ 

294 


3 rd 


i r 


3.0ms 

3.0 

3.0 

. 

5.5ms 


2.75 


10.0ms 4.0ms 


10.0ms 


V = 47.07 tons 
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E F / rigid frame = 17 ^ Q7 =9.4 tons. 


= 1.96 tons. 
= 2.74 tons. 



= X 

9.4 x 5 

1-1 

4-1 

24 


= X 

9.4 x 7 

2-1 

3-1 

24 

tH 

1 

tH 

> 

rH 

1 

> 

It 

1.294x2 


— J . Loiici. 

Hence get the straining actions at A, B, C and D as follows : 


2.74 2.74 


I 3.28 
4 — IA 


M A = Mp = 1.96 x 2.75 = 5.39 t.m. 
N A = = ± 3i28 tons. 


Mg » M g =2.74 x 2.75 = 7.535 t. 


Comparison : A B C D 

From the Table we can deduce that the wind action will 
govern the design for zones (1) , while zones (2) and (3) are 
governed by the earthquake loads . 


Wind 

; Earthq. 

Earthq. 

Wind 

Earthq. 

Wind 

Zone 3 

••• : : 

•2ong";3:,;" 

Zone 2 

Zone 2 

Zone 1 

Zone 1 

3.76 

| 5.30 

3.59 

2.1 

1.79 

2.92 

-1,80 

-3.28 

-2.18 

1.0 

-1.09 

-1.4 

5.30 

7.53 

5.02 

2.9 

2.51 

4.1 i 


Ex amine 4.6 : 12 Stories Building ( Data as Example 4.5 ) 

Earthquak e Loads Longitudinal direction 
W = 555 x 12 = 6660 tons. 


T 0.1 N = 0.1 x 12 - 1,2 ; C = 0.0609 
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Wind Loads Longitudinal direction 
Wj = 0.8 x 90 x 1.5 x 5 x 3 = 1620 kgs 

W 2 = 0 .8 x 90 x 5 x (1 x 1.5 + 2 x 1 . 3 } 

W 3 = 0.8 x 90 x 1.3 x 5 x 3 = 1404 kgs 

m 4 = 0.8 x 90 x 5 x (2 x 1.3 + 1 x 1 . 1 ) 

W 5 = 0.8 x 90 x 1.1 x 5 x 3 = 1188 kgs 

= 0.8 x 90 x 5 x 3 = 1080 kgs 
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“ 1476 kgs 


= 1332 kgs 


,M 7 = 0.8 X 90 x 5 (2.75 + 1.5) = 1530 kgs 

E W (wind) = 15.84 x 1.625 = 25.74 tons, 
lence: 


x„ 

=S Y 

_ 25.74 

x 5 ^ 


1-12 

*4-12 

24 

- = 5.36 

tons. 

X 2-12 

= X, _ 

_ 25.74 

x 7 

tons. 

4-12 

24 

■ - 7.50 

Vl2 

- V 4-12 

= 21.83 

tons. 



oroparlson of Result, M coimt,, . 

1- Co.pari^ th. -rth^T„ d Mnd str , lnlng , oUom ^ 

educe that the wind is governing 

8 g the desi 8 n for zones (1), ( 2 ) 

ad (3). This can be attributed to the following: 


a- The 

uweniently the 
>tion where k = 
ipagraph "6" ). 


ductile space resisting rigid frame absorbs 
dissipated energy of the earthquake ground 
= 0.67 and C = 0.0609 (Refer to Section 4.7 
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ea + h !" Wh6n the heigM ° f thC bUUding s the applied 

earthquake loads decreases i 

decreases relatively : compare C = 0.1055 for a 

buliding “ uh c • 


c- When the height of the building increases the 
applied wind loads inrr 8 lncreas es, the 




ease, wIipi-p fj, 


p h» f *»nc? i f y ,»f 


e L.c.i\ iyyy 


! H<1 l 


90 kg/m ( up tiu 10 0 ms) 


1.1 x 90 kg/m 2 


(for parts between 10.0 


ms and 20.0 ms) 


1-? X 90 kg/m 2 ( for 
1-5 x 90 kg/m 2 (f or 


parts between 20.0 and 30.0 ms). 

parts between 30.0 and 50.0 ms). 


Example 4.7: 

—---d!i 

Use the data given in example 45 an d th 

ratio M_ / M f o r a ' 5 d then compute the 

"E *** *>r a building of 1, 2 , 3, . 12 stories 

“w = bendin « "“ment due to wind action. 

Mg = bending moment due to earthquake load. 


Solution 









1 Story : 
(E) 


T - °' 1 * ‘ ' 01 ' ° ‘ 01 « I ( C > 0.12 ) 

■<»•=* SO« 2 , 5) xl 625 , , ,7 1<>M 


2 Stori es: 

(E) T = 0.1x2 = 0.2 • c 

' C =0 ’ 121 take C = o.12 

V = °-3 x l. 0 x x . 0 x 0 


- A I.u X 0.67 V n lo 

67 * 0-12x2x555=26.77 tons 

Z W = 1-17 *0.8x90x5x3 

x t•625 = 2.925 tons. 


M ✓ M = 26.77 


’E /M w 


27925x5 = 183 


3 Stories: 
(E) T 


T = 0.1 x 3 = 0.3 


V = 0.3 


C = 0.211 




take C s 0.12 


= 40.14 tons 




4768x5 = 1 * 71 


~ 4.68 tons. 
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4 Stories : (refer to example 4.5) 
<E) V = 47.07 tons. 

(W) , Y, W = 6.61 tons. 



/ 


M V = 


47.07_ 
'(»> u i j«.r* 


1.47 


5 Stories : 

(E) T = 0.1 x 5 = 0.5 ; C = 0.094 

V = 0.3 x 1.0 x 1.0 x 0.67 x 0.094 x 5 x 555 


(W) 


E W = 6.61 + 0.8 x 90 x 1.1 x 5 x 3 x 1.625 


m e /m w = 


52.43 
8.54x5 


1.23 


6 Stories ; 

(E) T = 0.1x6= 0.6 


C = 0.0861 


V = 0.3 x 1.0 x 1.0 x 0.67 x 0.0861 x 6 x 555 
E W = 8.54 + 0.8 x 90 x 1.1 x 5 x 3 x 1.625 = 


m e 7 ^ " 


57.63 

10.47x5 


dii 

= 52.43 tons. 

8,54 tons. 


= 57.63 tons. 

10.47 tons. 


1.1 
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7 Stories: 

(E) T = 0.1 x 7 = 0.7 ; C = 0.08 

V = 0.3 x 1.0 x 1.0 x 0.67 x 0.08 x 7 x 555 = 62.47 tons. 

(W) £ W =10.47 + 0.8x90x5x(1x1.1 + 2xl.3)xl.625 = 12.63 tons. 


M. 




/ M w " 


62.47 


0.9BR 


8 Stories: 

(E) T = 0.8 ; C = 0.0745 ; V = 66.48 ; F = 3.72 

V - F t = 62.75 tons 

(W) £ W = 12.63 + 0.8 x 90 x 1.3 x 5 x 3 x 1.625 = 14.91 tons. 

*E 7 “v = = 0 89 


9 Stories : 

(E3 T = 0.9 ; C = 0.0703 ; V = 70.58 ; F = 4.41 

L 

V “ = 66.17 tons 

. cl' 

00 E W = 14.91 + 2.28 = 17.19 tons. 

m / u - 70.58 _ 

“e 7 “w " 17.19x5 = °- 82 
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(E) 


T - 1.0 


C = 0.066 


V = 73.62 ; F = 5.15 


v ~ = 68.46 tons 


(tf) 


Z W = 17.19 + 0.8x9x5x(2xl.3 + lxl.53xl.625 = 


19.59 tons, 


“e ' - ifeis * 0-75 


11 Stories: 


(E) 


(V) 


T - 1.1 ; c = 0.0635 ; V = 77.92 ; F t = 5.99 

V - F = 71.92; tons 


Z w = 19.59 + 2.632 = 22.22 tons. 


M / M s _ 

E " 22.22x5 0-7 


— Storie s: (refer to example 4.6) 

^ /H K = 2§hHs = 0-633 

It can be observed fro„ tbe Flg.bel„„ that the „i„d c „. of 

, 7 “ g °''”' nl " S d ~«" Cl f=r ,11 rigid ,r™ 

rue ural systems. I n zone (3) the earthquake governs for 

buildings w bose height i, 1= ss than sevenst.ri.s, Ml. for 

«e u ; gT gs ; h rr dlng ” vm “ tori ' 8 the “ ind “ u ™ 

-bos, height “ Z0 ™ <2) 

.reeding , 7 ““ f °" r fl °°™ » h “' for buildings 

reading four stories the wind action mi g„ vern 
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7ni|p (;1) 

Zone ( 2 ) 

Zone (l) 




Earthqake 

Governs 



8 


9 


10 U 12 


Nomber 

Stories 














The Fig. 3.13 illustrates the plan of a five storey 
residential building. The floor system is composed of 

reinforced concrete slab (t « 14 cm) supported on steel beams. 
The floor possesses an adequate rigidity to act as a horizontal 
racing The longitudinal stability of the building is achieved 
by the framing action between column* anrI 8 ir „e,-*. WhlI „ 

Ifanaversal stability is obtained by the use of two rigid frames 

a vierendeel (shown as dotted lines on plan). It is 

required to get the distribution of earthquake loads on the 
different systems using: 

- The exact analysis previously outlined in Section 3. 



(B) 

fRAME 


(A) 

vIERENDEEL 


(C) 

VIERENDEEL 





Solution 


Refer to Example 3.14 to compute the relative stiffness of 
the different systems. 

Ratio of Inertia with Respect to System (B) 
floor no. System (A) System (B) System (C) £ J 

c 

5 0.674 1 0.3728 7 04Aft 


floor no. 

System (A) 

5 

0.674 

4 

0.6903 

3 

0.706 

2 

0.7244 

.. :%■" . • .• -• . ■ ) 

1 

i 0.7607 


0.3728 
0.3841 
0.405 
0;4317 
0.4939 


" ""e 
2.0468 
2.0744 
2.111 
2.1561 
2.2546 


Earthquake Loads in the Transversal Direction : 

Applied Dead Loads ; 

Assume own weight of steel structure = 100 kg/m' 
Reinforced concrete slab (14 eras) = 350 kg/m 2 


Covering material on floor 


= 150 kg/m 


Walls (partitions + exterior facades) = 250 kg/m' 


850 kg/m' 


D.L/floor = 0.45 x 30 x 20 = 270 tons. 

Applied Li ve Loads: 

L.L/floor = 0.2 x 30 x 20 = 120 tons. 

Equivalent Static Load Method : 

W j = 270 + °’ 25 x 120 = 300 tons. 

W — 300 x 5 = 1500 tons. 

Z - 0.3 ■ 1 = 1.0 : < 5=1 
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1-0 (different bracing systems resisting lateral 
loads according to their relative rigidities). 

3x5+ 1.5 = 16.5 ms. ; x = 

4-5 ’ H 2 = 7 ‘ 5 ; H 3 = 10.5 

16. 5 iiir 

0. 115 

0-3 x 1.0 x 1.3 x l.o x 0.115 x 1500 = 67.4 tons 


0.09 x 16.5 
420 


= 0.332 


H 4 = 13.5 
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Force Due to Translation (F ) : 
_ t i 


floor F (ton) System (A) System (B) 

~VTTTi f 7T Dm r 


System (C) 
t /r ti v 




0.182 3.86 


0.185 3.2 



5.77 


.336 


0.337 


1.94 


.464 4.46 


0.444 2.56 


0.192 


0.20 1.924 


0.219 1.263 


Force Due to Rotation (F ) • 
___ R i' 



.X A 

X 

A 

B 



5 0.742115.73j 14.258j3.742 15,74 2 243^^67^7'^ 

0.768 13.3 14.232 3.768 15.768 249.517 -0.523 0.2 0.323 

o.444 J 2.56 1 14.556 1 3.444 1 15.444 1 29oTs39 -0 .097 0.03 




Final Force/Floor: 





(A) & (B) 


























































XfSl CHAPTER 4 


Earthqu ake Zone (3) 


Joint 

System (A) 

(B) 

(C) 

1 

1.84 tons 

2.59 

1.33 

2 

2.99 

4.54 

2.08 

3 

i 4 .12 

6.54 

2.84 

4 

5.24 

8.55 

_ 1 

3.52 

5 

6.52 

10.6 

4.24 

1 

20.71 

32.82 

14.01 


F°r wind loads acting at joints 1 , 2 ... 5 
are computed as follows : 


F jl “ F J2 = °- 8 * 90 x 30 x 3 x 1.625 
=10.53 tons 

. " 7? ,~'V' ■ ■' : ' 

F J3 = °- 8 * 90 x 30 x (2.5 + 0.5 x 1 . 1 ) x j. 


625 


J4 - x 1.1 x 30 x 3 x 1<625 


= 10.70Ttons 
F iA “'0.8 x 90 
= 11.583 tons 

F j5 = °' 5 F J4 = 5.80 tons 




the values 








The wind is governing the design for the three zones 
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IMPORTANT QUESTION 


What A bout the Existing Buildings Designed According to the 

Acient Codes of Prac tice Where the Earthquake Effect was not 
Included? ;, 

l. If thp Wind loads were exactly and stricktely included 
m the design for the existing buildings (Frame type) according 
to the ancient codes, we conclude that this wind case of loading 
is governing the design for almost 80% of the geometrical 
configurations. Hence, if these structural elements (beams, 
columns and connections) were designed to resist the lateral 
wind loads in addition to the dead and live loads, the structure 

will be capable to resist the earthquake loads for zones (1) 

(2) and (3). 

2. Only about 20K of the existing buildings located in zone 

(3) will be subjected to earthquake straining actions greater 
than those induced by a wind case of loading. This does not 
present a dangerous situation for buildings of the traditional 
type. As these buildings are shaken during an earthquake, the 
stiffer elements such as brick walls are stressed first. The 
flexible ductile energy-absorbing of the rigid frames is then 
called upon to play its assigned role. This explains the 
successful performance of most of the traditional buildings 

whose frames were not designed with adequate earthquake 
resistance (i.e. acient codes). 

It is to be observed that this conclusion concerning 
traditional buildings may be misleading when applied to modern 

building frames whose subsidiar force -resisting elements are 

negligible. 
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However, as a general conclusion the existing buildings 
(frame type) will behave safely to a moderate earthquake (6 

zone 3 - Z = 0.3) if they were designed to resist a 
c:a:;e of w ind load action (windward + leeward). 


°f some structural elements are 
olid^-varl in l.ho ^ioling »-.i Mini;*. (hi a , on l.o ; »lh IImiIo.I |„ 
one of the following conditions: 

j (a) Either the wind case of loading was not correctely 
included in the design.i 

(b) Or the dimensioning of these structural elements 
has omitted any one of the structural or strength aspects. 

(c) Or the utilized materials in the construction phase 
were below the specified corresponding strength. 
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| MISCELLANEOUS STRU CTURAL SYSTEMS 

I RESISTING WIND AND EARTHQUAKE LOADS 

I 5.1. Introduction: 

| 1,1 ,csa|lty » 11 w * w nul planed to deal With the different 

f items of this chapter , but as many of excisting structures are 

( bearing walls orrigid frame-shear walls these two systems are 

- v (iii 

analyzed. Me do believe that concerning the bearing wall 
structures, the use of thick, heavy masonry wall will induce high 
weight an inflexibility in the plan layout and hence this type 
becomes inefficient for multistory applications. On the other 
hand the use of rigid frame-shear wall systems is only efficient 
and requested for buildings above 100 ms (i.e. 30 stories). 

As in Egypt the bearing wall systems are widely used so , we 
Eeel the responsibility to extend some sections to clarify the 
sxact behavior of such types of buildings. 

Hence to rend the text in a complete form, we decided to 
rover these two types of structures in the following sections. 

• 2> The Bearing Wall Structures : 

The bearing wall structural system can be adopted to 
Afferent forms and layouts. This type can be utilized 
efficiently till 10 stories. The main resisting structural 
, elements are the linear vertical walls which must be designed 
o resist the dead, live and wind or earthquake loads. 

5 - 2 ' 1 - Structural Configuring . 

The arrangement of the bearing walls within a building can 



















avity loads ( i. e . dead load and superimposed loads ) 
W = Mind or earthquake loads. 

(A) The Long Mall System : 

This configuration onnsisls . .. „„ ,,a, Q ,, „, walla lu 

- direction normal to the longer dimension of the building. 

These walls don’t interfere with the outer facades of the 
building, (see Fig. 5.1. a ) 

W_The Cross Wall Syste m- 

Fig. S.l.b illustrates this configuration, it consists to 

use linear parallel walls in a direction parallel to the longer 

tensions of the building The main facade walls are parts of 
the structural system. 

(C) The Two Way System : 

"V' 1 ;' “ 1 °” a t "° “>■ “U <—•»"« wh=r. »n« 

both directions are utilized. 





tr tr 
w w 


Mi G 


1? 

w 


(aj Long Wail /> x n 

(b) Cross Wall (c) Tw * _ Way 

f‘g 5 1 Systems of Bearing Wall Structures 
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5.2.2. Structural Behavi or: 

5 ' Z ' 2 ' 1 ' Affecting the Structural Behavior- 

(L, ”” b, ‘“ V1 '”' « f * «« structure a . pmd , on 

following parameters: 

(i) The strength of the used material 
t in-placekconcrete slab and uaiic 

“ y ; h while prefabricated — s ir b 7rTi S lLra u s 

ungea to the masonry wall** 

-—-. 18 "° h su,t ” r 
1 «* h- - - ::r - m - 

» (iU) The 6XiStenCe of openings, their number size and 
arrangements may greatiy affect the structural b H 
illustrate the effect of this behavxor. To 

openings are classified Parameter the bearing wall 

* classified according to the following: 

ig 2 - g g^J^l£^IL*l th Small Openings - 

- ^ 2 ^ 1U ~; r ing Mal1 subjected to gravity 

gravity loads induce compressive Tt The hi ^ 

effect of the lateral , 7 3 ^ the base ‘ The 

structures to induce ^ ^ in most of the common 

ares to induce an amount of flexure a hi» * 

compressive e r,vi ty stresses o„ the - „ 

sla 8 g.red door , ho .„ ^ «“«■ Th, 

staiiur mamer. Both case, „ e v ' l " U b ”>™ *” » 

openings. are visualized as solid walls without 

i^!_Openings Dividing , . . 

«vidi„ g the wail jute .wo *>«• opening 

separate units. FIg .5. 2 .e, 
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zlTTZ , lhe ‘ ,1Strlb “ ,1 “" ”»^r=t„„e S IT the 

the appl' d W0 “ allS WlU behaVe Separatel y listing one-half 
the applied gravity and lateral loads r 

, hi .. t i0ads - For interior walls of 

’ type the ,no «t probable behavior is to alt ■ 
stresses = i 1 obtain compressive 

stresses along the whole base 

j.,, . ' Interior walls owe to larger 

*- -Tsrz* rrr - 

-^2-i ntermediate Situation : 

fig- 5.2.d shows an intermediate Situation between the two 
previous extreme cases * n the two 

- —tl z r t =y,t ” ” y *• 

certain « t .„t to «„«, tll . , t T *° * 

O resist the lateral applied loads. 

5 ‘ 2 ‘ 2 n 2 ' Shapes of r 3 i i r .. 

Depending on the type of loads th 7~- 

height and type of the buildi ’ e wa 1 spacings, the 

- ..nt th . ^i ;;: n r; -™ 1 - 

following: 11 bC su bjected to the 

by Gravity Loads: 

The wall structure can be visualized as a n 
column. The 11 a. ea as a narrow wide 

i— «*-cL L~\ r -“ th * 

in addition; to it. ^ “* - 

*e symmetrical t h ... *ravi,y ^ 

stress. Otherwise if these loads * 3 ' miform nor ^ 

eccentrically linked to the walls Th ranSferred thr ° Ugh flo °^ 

■ — co„. ~“ ni - u ““** 

—i^Later^l—Loads_o^_Wind__or j 

The lateral loads due to uina 

tr “ sf — - **•—-u .tmctur.””.r h r " a 

Via the floor slab which 
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(a) Small Openings.(Solid Wall) 

(b) Staggered Openings. 

(c) Openings dividing the Wall. 

(d) Intermediate Situation. 


and Arrangements of Openings. 

(Ill 








acts as a horizontal diaphragm Cbracing) . 

parallel to the lateral s ’ 

■ lateral action must be ranahi^ + 
later’s! l f e capable to overcome these 

i.r ra ir;u;:;: dl ” g i ° tisir — - 

following typ „ „ f * d '” P b *" “ PaM ' l ° "“"l th. 

The Overturning : 

The different codes rpmiirn ii la i 

the ^ Ulal thn or stability oi 

* - r, r r-r r ~rr - - 

overturning moment due to lateral loads („). 

additio^ t 3, illUStrateS “ overturning state at the base. I„ 

e overturning may appear at different floor levels 
especially if the dead . levels, 

thickness is utilized. " deCreaSlng Where a educed wall 

The overturning moment about to) . 

10j induced by lateral load (W) is; 

• . h 




• • . 


.. 

The resisting moment about Co) due to dead ioad (P) is 

TU 

.. 


M = p.5 
r ’2 




f’ig- 5.3 Overturning. 
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By using Equations (5.1) and (5.2),the following stability 
condition must be satisfied : 

(P/b)/(w.h) ^ 1.5 .. 53 

Where: b = breadth of wall ; h = height of building 

(ii) Compressive Stresse s: 

The critical compressive stresses are induced by a case 

U,c .Iccul, Uvo a„,l wind O. cculhquckc 

loads. The maximum compressive stresses of Fig. 5.4 are to be 
computed using the classical normal stress equation: 



Wall Breadth 
b 





Wall Thickness 

(t) 


Failure due to Excessive 
Compression at the Base 


(S - S) 


Fig. 5.4 


f = (P/A + M/Z) s f 
a * wall ’ * * 


.5.4 


Where : P - applied dead and live loads. 

A = wall cross sectional area.= bxt 
z = section modulus of wall section (about x-x). 

M - induced moment due to the lateral loads and that 
induced by the eccentrically linked floor to the 
wall (nill for symmetrical configurations). 
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~ ac tual normal stress. 
f wall — brick allowable normal stress?. 

(ii!) aTgfl^ile Stresses : 

Tensile stresses should be avoided by keeping the 
vertical gravity load due to dead loads only in the middle third 
of the wall, tt i# to ftuUund that U»o tiiiUoal tonsils 
stresses are induced by bending due to the lateral loads of wind 
or earthquake ( i.e. M/P < b/6). 


(iv) Sliding an Shear Stresses : 

The different codes require that the sliding force due 
to lateral forces(W) must be resisted either by the structure 
above the horizontal plane under consideration (bxt), or by 
anchors or by soil friction. A total resisting force not less 

than 1.5 times the sliding force is to be satisfied according to 
the following equation: 

q a = b~x~t 25 15 <Wl.. 

Where : q^ = the actual shear stress. 

q wall = k rick allowable shear stress . 

g (5.5.a f b, c), illustrate the horizontal shear 
wracking (diagonal tension action) at the base, the vertical 
shear wracking and shear deformation (sliding of floors) at 
different levels respectively. 


(v) Torsion : 

If the walls configuration is such that the resultant c 
the lateral loads does not act through the centroid of th 
resisting walls, a torsional moment is induced. Thus increasin 
the shear stresses in certain walls. This phenomena has bee 
previously outlined in chapter 3 of this Volume 
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4 


1 




1 


i 


1 







1 




_l lj 


(a) 


(b) 


ouear ueiormation 
(Sliding of Floor) 

(c) 


til' 


Fig. 5.5 

5 - 3 ‘ Frame-Shear wall Structural Systems : 

Description : 

u» Shea- walls are vertical structural ele«nt, designed 
° ovarcoa. the lateral fores .nested by wll>a „„ 

earthquake. Ih. horiaontal loads are transferred to the shear 
“ • Via the floor slabs which are infinitely rigid and hence 

f ant distort,. lh. sho^ w^ls are either of concrete or 
rnssed ,te,l bracing, jhey nay be closed interior core, a, 
^ elevators ^d stairs or parallel „.u. ^ 

The shear walls „i„ behav. as , huge e»tilever be». 
The distribution of lateral fores to the shear wall, ls a 

systems * 1 rTT" ""'“ 8 '” nt ° f **• — 

~ by t ~r n of — *—- - 

(a) If the resultant of the latf-r-aT .*• 
x, , ne lateral forces acts through 

the centroid of the » gn 

t^latW reaction, win “e r,,1 * tlV ' 

” E “* raU<1 ' <**" “ <***- 3 













(bJ If the shear wall arrangements is asymmetrical t 

-—**• ~ -: 
tn t , • Rotatlon of the shear walls in additi 

to chZterT" WU1 in<1UCe the C ° rreSPOnding react ions. ( Re fe: 

j ; :;:::z~ iy ° mim - « - 

30 stories ij id ^ ”° n °" IC “^.r th. 

- vr*—-*«- 

resist the exerted horizontal loads. 

'g. 5.6.a,b,c illustrates some typical builrfi # 

interior cores * P Gildings usj 

cores and frames, exterior cores 

shear walls with -p ^nes and vertic 

wans with frames respectively. 

















^•3.2. Structural Behavior : 

The interaction of the frame and shear wall structure Is 
based on the following: 

The structural system of the frame which may be either 
hinged or rigidly connected. 

The individual modes of behavior of each of the two 
structural systems , this will govern the portion of 
lateral loads absorbed by each system. 

• ' ' I". /.• ■■ •' 

The structural behavior may be classified to be one of the 
following typjass , ' 4 .• 

5 - 3 - 2 - 1 - Hinged Frame-Shear Wall System : 

■ The beam-to-column connections being hinged, the frames are 

only capable to resist the gravity loads, while the lateral loads 

are resisted by a central core as shown in Fig. 5.7 or by 

exterior shear walls (facades) and a central core as illustrated 

ln Fxg. 5.8 It is to be observed that both the exterior shear 

walls and the interior core shown in Fig. 5.9 will behave as huge 
cantilever beams. 




(1) Central Core. 

(2) Hinged Frame. 

(3) Bending Moment Diagram. 


Fig- 5.7 Hinged Frame-to-Core System 
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5 ' 3 ' 2 ' 2 ’ jjjgM Frame-Shear Wall System : 

con Z '"T ' of . rl«d „„„ . 

" . rI * ld “P *• Sreatly improved. Ih „ 

V V 7 ° f the COmbined s y s tem is obtained by superimposing th« 
.od.v.oua! deformation pattern a. shown ln F1 . 5 . 9 . 

. ilLi 
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deformed shape of the rigid frame is shown in Fie 

• ,.v... ,. 

9,aV the:;slope of the deformed shape is maximum at the base 


|ipli corresponds to the maximum shear. On the other hand the 
pore or sfiear wall structure behaves as a huge vertical 
bant i lever inducing the maximum moment at the base as 
illustrated in Fig. 5.9.b. It is to observed that the slope of 
the deformed shape is maximum at the top of the building. Fig, 
5.9.c shows the superposition of the two deflected shapes where 
tjie shear wall is pulled back by the frame in the upper region 
and pushed forward in the lower portion. That is: the lateral 
loads are mainly resisted by the frame in the upper portion of 
building and by the shear wall in the lower region. 


** ** 
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Example (5.1 ): 

Check the safety of the interior cross red brick walls for 
a nine story office building. The cross walls are spaced 5.0 ms 
apart, the height of the story is 3.0 ms. All brick walls are of 
a thickness 25 cms. 


Solution 


Facade 


Cross Walls 
Long. Walls 



7x5.0=35.0m 


E Applied Dead Loads: 


Gravity Loads 


Reinforced concrete slab (12 cms thickness) = 300 kg/m 1 


Covering 


= 150 kg/m' 


Brick walls (25 cms thickness) = 1800 x 0.25 = 450 kg/m 2 
Total dead loads / cross wall = (0.3 + 0.15)(6 x 5 + 1 x 5) 


floor 


corridor 


+ 6 * 3 j X ° 45 = 23 85 tons 

wall height 

2 - Applied Live Loads : 

For office purposes = 300 kg/m 2 of covered area. 

Total live load /cross wall =0.3x(6x5+lx5) 

= 10.5 tons. 

Total gravity loads / cross wall = 23.85 + 10.5 = 34.35 tons 












Lateral Loads (Transversal Direction) 


3. Wind Action: 

W x =0.8x90 x 35 x 10 = 25200 kgs = 25.2 t 

« 2 = 0.8 x 90 x 1.1 x 35 x 10 = 27720 kgs = 27.72 t 

W 3 = 0.8 x 90 x 1.3 x 35 x 7 = 22932 kgs = 22.932 t 

y w - 7 r * ns \ 

1 

The system of cross walls will resist this wind lodd 
according to their relative inertia. It can be assumed that: 

(a) The intermediate cross walls at the front side will 
resist the wind ward action while those at the back will resist 
the leeward wind action. 


(b) Half of the edge cross walls (7.0 x 0.25) will resist 
the winward action the other half the leeward action. 


Hence: 




t-1 = t 2 = ... 


= 25 cms 


I (2) = I (3) =..= 
xx xx 


0.25 x 6 


= 4.5 m 4 I x ~j h x 


E I = 2 x 7.146 + 6 x 4.5 


= 41.3 in 


X—| |— X 


(0 (2) (3) 


/X X = 0.17.3 ; 


: 2 / E 1 - J 3 / E 


I = .. = 0.109 


Check of stresses: «Intermediate cross wall^ (2),(3) 

(A) Overturning : 

M wo" °' 109 (25.2x5 +27.72x15 + 22.932x23.5) = 117.8 t.m 


The resisting moment due to dead load (M ) 

ro 
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E P D.L ~ 23 ' 8 x 9 = 214.65 tons. 


M = 214.65 x 3 = 


643.95 t.m. 


214.65t 


22.93 


Check the stability : 

M ro/ M wo = 643 - 95 / 117.8 = 5.46 > 1 . 


27.72 


(B) Compre ssive Stress - S ec. S-S 2 5 2 . 
f " ~ (S P D.L + L.L /*) - (K / Z) S - 

y p U 

L D.L + L.L = 9 x 34 -3S = 309.15 tons. 

M w = 117 ' 8 * 100 = H780 t.cm. 

f = - _ 309 -lS 11780 x 6 

25 x 600 ~-= " 0.02846 t/cm 2 



6.0ms 


28.46 kg/cm^ (o.k) 


1 £ 1 Tensile Stress - 
f ~ ^ P D.L / ^ + (**/ Z) 

= - + H780 x 6 

5x 600 5TS? “' °- 00646 

— O I 

6.5 kg/cm (o.k) 

(No te nsile stresses) 

_ ^-JjggjLg tresses and Slif in g; 

'Total lateral force / 

/ rmedxate cross wall = 75.85 x 0.109 


q = 8,26 x loo p 7 

25x~~600~^" = °* 55 kg/ cm Z < 1.5 


- 8.26 tons. 


(o.k) 


_ _ 10ms 7ms 









4 - Earthquake Lateral Loads: 

(slabs + cover)(Int. Cross Walls) 

/ / 

Applied dead loads / floor = 0.45x14x35 + 12x0.45x3x6 + 


- 409.5 tons. 


e Cross 


Walls 


2x0.45x3x14 + 8x0.45x3x5 + zero 

(openings) 

Long Walls ( 

(Corridor) Facades 


Applied live loads / floor = 0.3 x 14 x 35 = 147 tons. 

Total loads / floor = 409.5 + 0.25 x 147 = 446.25 tons. 

W = 446.25 x 9 = 4016.25 ; T = 0.697 ; C = 0.08 

V - 0.3 x 1.0 x 1.0 x 1.33 x 0.08 x 4016.25 = 128.1 t 
F t - Zero (T<0.7) 

H = 1.0 + 3x9 + 1.0 =29.0 ms ; T = 0.09x29 / 4T?~ 

This earthquake lateral force will be resisted by 7 cross 
walls of the shown configuration. 

V / cross wall = 0.109 x 128.2 = 14.0 t 
**Eo = x 18 = 252 t.ras. 

Overturning; I" 


• "e.- 


= 252 


643.55 . 

-- = 2.55 > 1.5 


Normal Stresses: 


f = - 309 -*5 

c 25 x 600 


252 x 100 x 6 
25 x 600 2 


- ~ 0.0374 t/cm 4 


(o.k) 
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f. = - - 2*4-65 252 x 100 x 6 

t 25 x 600 -- - g- 

25 x 600 

= + 0.0063 t/cm 2 = + 6.3 kg/cm 2 

T’ “° 1StS U ”“ 1 * '» »"■«• t. avoid 

tensile stresses, u « „ f ^ 

c,oaa waUs at the first floor. 

Hence: 


f = 
c 


f t ■ 


309.15 
37.5 x 600 


252 x 100 x 6 
37.5 x (600)2 


214. 6 5_ ^ 252 X 100 x 6 

37.5 x 600 -- 5 - 

37.5 x (600)2 


= - 0.025 t/cm 2 
- 25 kg/cm (o.k) 

= + 0*00166 t^cm 
= + 1.66 kg/cm 2 s zero 


S —and Sliding : 


14 x 1000 

37.5 x 600 = 0 ' 6 ^2 kg/cm' 


(o.k) 


—( Longitudinal DirertY^ 

Wind Action: 

W ! = 0.8 x 90 x 14 x 10 = 10080 kgs = 10.08 tons. 

W 2 0.8 x 90 x 1.1 x 14 x 10 = 11088 kgs = H . 08 8 tons 

Z w = 30.34 tons. 

The system of walls along the corridor will resist th • a 
loads ln the longitudinal direction fth 

f* <.=tt.d lines i„ i, yout) “ *™ * 










(A) (B) (C) 



I yy (A) = i yy (c) = 5.208 m 4 


lyyCB) = 41.66 m 4 

E -fyy “ 2 x 5.2 + 41.66 — 52.06 m 4 

1 U)/ Z 1 = o- 1 ; i ( bj/ Ii = o.8 

Wall (A) and (C) ; 

M w = 0,1 d°-08x5 + 11.88x15 + 9.17x23.5) x 1.625 

✓ 

70.21 t.m. Leeward effect 

Each single wall will resist M = 35.1 t.m. 

P D.L / Wal1 (A) = (0 - 3 + 0.15) x 1 x 5 + 0.45 x 3 x 5 

^ =9 tons. 

£ P D L = 9 x 9 = 81 tons. 

P L.L / Wal1 (A) = 0.3 x 1 x 5 = 1.5 tons. 

2 P L.L = 9 x 1-5 = 13.5 tons. ; £ (P^ L + ^) = 94.5 tons 

Overturning : 

M r =81x2.5= 202.5 t.m. 

M M _ 202.5 r ^ 

M r / M w - 3571" = 5 - 70 > 1-5 (o.k) 
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f = 
c 


_ 35.1 X 100 x 6 
25 x 500 25 x 500 x 500 


f = - _ 81 A 35.1 x 100 x 6 

1 25 x 500 25 x 500 x 500 


= - 0.0110 t/cm 
(o. k) 

= - 0.0031 t/cm 2 
No tensile stresses 


Repeat the same process for walls (B), results will ,, rovl 
,hr ' 3 ' aa,c| y gainst stresses. 

Earthquake : 

w = 4016.25 t ; d = 35 ms ; T = 0.411 ; c = 0.104 

V - 0.3 x 1.0 x 1.0 x 1.33 x 0.104 x 4016.25 = 166.65 
F t = Zero ( T < 0.7 ) 

M £ = 166.65 x 18 = 2999.7 t.m. 

Walls (A) and (C) : 

M E = °- 1 x 2999.7 = 299.97 t.m. 

Each wall Mj. = 150 t.m. M r = 202.5 t.m. 


M / M ' — 202.5 

r E ~ 150 = < ^*5 (Unsafe) 


is-.’.; ■■ ■ 

.g ■:. i.o 


1,5.0ms 


1 Hence - - v,.: 

JL5 0 m^ l ., 13 USC 4 inei ™diate longitudinal 

eng an t = 50 cms as shownin. the above figure. 


. 7 I s»nownm| the above figure. 

■ P “- 1 - * * °' 45 *»*»*3.47.2S tons. 

^ P D.L “.41*1? x 9 '=,425.25 tons. : 


















"OffiJ 
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= 9 x 4.5 = 40.5 tons, 


tons. 


t • BQ. 


.37 ^ 


» 4.25 > 1.5 (o.k) 


f = - 4< ? 6 _ 750 * 100 = - 0.010 t/cm 2 (o.k) 

c 50x1500 50 x ( i5 00) 2 


f = - . 42 5.-jg_ + 750 ^ 100 , - 0.00167 t/cm 2 


50 x 1500 

166.65 

4 x 50 x 1500 


50 x (1500) 


No tensile stresses 


= 0.00055 t/cm (o.k) 


It is to be noticed that this process is to be repeated for 
the other floors. The thickness of the inermediate longitudinal 
walls is to be reduced at an intermediate floor to t = 25 cms. 
To determine the location of this reduction the overturning and 
the actual stresses are to be computed. 


Example (5.2) ; 

The Fig. below illustrates the plan configuration of a 
residential building 12 stories height. The horizontal 
stability of the building is ensured by reinforced concrete 
floor slabs 12 cms thick acting as rigid horizontal bracing 
systems. 
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The vertical transversal stability is ensured by four' steel 
rxgxd frames (system 1) along the axes (A-A), (B-B), (E-E) and 

33 WeU 33 tW ° reinfor - c ed concrete shear walls (system 2) 
about axes (C-C) and (D-D). 

All the horizontal steel girders are chosen B.F.I No 18 

While the vertical atee, ..* sections arc as follows: 

i st j ~nd 

i and 2 floors B.F.I No 32. 

3 rd and 4 th floors B.F.I No 30. 

5 and 6 th floors B.F.I No 28. 

7 and 8 th floors B.F.I No 26. on 

9 and 10 th floors B.F.I No 24. 

11 30(1 12 f* floors B.F.I No 22. 


- -—--- 




16 h i i concrete shear) ; wal : J|t 

are. thickness =t 25 cms ; breadth = 500 cms with a 

corresponding E c = 21 0 t/cm 2 . 3 

The floor height is 3.0 ms and that tk 

: tnat of th e parapet 1.0 m. 

,. It iS !:Jlred t0 compute the wind as well as the 
earthquake forces resisted by each of th 

-J - u, 

! r : r : * 1 : 1 t: i ~*° i 

the dotted lines in the ol ^ ^ ^ ^ Pr ° VXded as shown b 7 

fines m the plan configuration. 


















Trans. 



System (1) 


Steel Rigid Frames 


System (2) 


Shear Wall (R.C.) 
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Solution 


CA) For the Steel rigid Fr 
(A)due toi 1.0 ton is C(Jmpi 

computer plane frame program 


^Shear Wall (syste m 2), t 
ae ft cantilever reinforce 
££ s(A) can be computed at 




Where 


height =3.0 ms. 
t/cm 2 s 210 x 10 4 t/m 2 


in Equation (a) 


ue Lne symmetrical 
(2), the induced lateral fc 
The induced forces are he 
percentage of lateral load fr 


systems (1) ^ 
translation only. 
to (1/A). The 


s are due to i 

proportional 
carried by each 
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Leeward Side: 


, 4,85 tons 

Iff Ip| : ^.l5i.528 .tons. 

• ■ "V ■ -’yjlfjjfc’* -*M> •-• (" :!r V:£*?»«]?. r ,. ... . % • 

f "jfe_ r *hquake Load* 


W 3 = 29.835 tons 


Appjjed Dead Load a. 


eonerete slab rn 

Covering CmS tMck) = 300 **V 


Covering 

Own weight of steel structure 
Exterior walls and partitions 


= 100 kg/m' 

= 100 kg/m 2 
= 200 kg/m 2 

. ,. 700 kg/m 2 . 

Applied dead loads / fi« rt 

Total applied dead loads I 420 x i/- S040 = ^ ^ 

| U x 12 = 5040 tons. 

i ^PP Iie< * Live Loarfo. 

For W UIng , lhe , 

APPH.< Uv. l0 *. floor , o « “• ■ 2 °° k£ 

tom — «"<«. ■ -. »*:r -■ 

w - 5040 + 0 25 v *\aa r\ 

-25 x 14 40 - 5400 tons 

°-3 ^°ne 3) - Table 4 3 

s I !'o ( ; eSidentiai buildings) - Table 4 . 4 

_ 1 '° Stlff c ^y ~ Table 4.5. 

is to be taken according to T=>hi 

shear walls will be d • 6 4-6 either 0.8 if 

will be designed to resist * h - . 

1 “ M * “ d frames , “ h01 * 1U ’ 

these loads. g at lea st 25X 

Otherwise K = 1-0 if 

designed to resist the lateral^ ^ ^ ^ SyStemS Wil1 
rigidities. 1 l0adS accor ding to their relati 
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H: - 38.0 ms 
C = 0.076 


Hence: 


d = 20.0 ms ; T = 0.765 
; Take K = 1.0 


6f; 

■I 


V - 0.3 x 1.0 x 1.0 x 1.0 x 0.076 x 5400 = 124.74 tons. 

F t = °* 07 x °- 765 x 124.74 = 6.68 
V-Fj = 118.06 tons. (K = 1.0). 

This lateral earthquake load is to be resisted by four 


I rigid frames and two shear walls. 
Percentage Carried by Each System: 



3 

0.329 

3.04 

0.059 

103 

1 97.1 

0.94 

4 

0.237 

——- 

4.22 

0.0426 

52.73 

189.6 

0.957 

3 

0.152 

6.58 

0.028 

22.25 

449.4 

0.97 

2 

0.0748 

13.36 

0.017 

6.59 

1517.4 

0.98 

1 

0.02 

-—- 

50 

0.008 

0.824 

12136 

0.992 
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Wind : 


W 1 10.53 tons ; w 2 - 11.583 tons ; w 3 = 13.69 tons. 

' • ■ / 

W 1 " 10 - 70 tons ; w 9 = 13.339 tons ; w= 11.40 tons. 


1 * 625 


These values include the suction effect i.e. multiply by 


| Earthquake Zone (3 ) i | 

F 1 = 1 ' 91 tons ; F = 3.35 tons ; 


= 7.7 tons ; 


Fg =9.1 tons ; 


F ? = 11.9 tons ; F g = 13.4 tons ; 
F 10 = 16.50 tons ; F. = 18.05tons ; 


F^ = 6.23 tons. 


= 10.5 tons. 


F^ = 14.95 tons 


^12” tons. 


F^ - 6.68 tons. 


It is quite clear from the previous table that the steel 
rigid frames are resisting at the worst floor 21% of the lateral 
loads when the relative rigidities are considerd. So these rigid 
steel frames are -to be designed on 25% of these lateral 
loadsaccording to the prescriptions of the Egyptian code of loads 
on the other hand the shear reinforced concrete wall is to be 
designed on the whole lateral loads 










CONCLUSIONS 


1 - lhe FJ-Zid .steel fraine a Vj> round floor (o-o level) 

(a) Ci-e- 2 = 0.3) the wind will govern the 

design where : 


} \•/ Wind fwimlwai'di loowai .) ) 


w !'*'■ “ U, ( tilts 


while the horizontal loads due to earthquake is 
at "o" Z V = g_ x 124 ?4 = 312 tons 

The moment induced at the base of the structural systems i 
direct function of the applied lateral loads. 


is a 


Cb) Re e rding_zone_^ (i.e. 2 = 0.2) the wind will also 
govern the design where : 


at "°" ,E M > Wind (windward+leeward) = — 6,5 x 70 

. 90 

while "V" for earthquake lateral loads is 
at "o" Z V = 31.2 x =20.8 tons 

(c) Similarly for zone "1" u h.r. ( 2 = o.l) 

at "o" Z w Wind Cwindward+leeward) = 36 - 5 * 50 

90 

while "V" for earthquake lateral loads is 


28.4 tons 


= 20.3 tons 


MB. Conclusion U«l„ valid „„i y at the 













2. The 
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_rigid steel frame at different floors 


(a) 2 ° ne (3) i.e. 2 = Q.3 ; q , 90 kg/m z 

If thC PreVi ° US P r °cedure is repeated for the diffirent 
floors we can conclude that for floors 1, 2, 3 and 4 the wind is 
governing the design while for floors 5, 6, 7, 8, 9, 10, 11 and 12 
the earthquake is governing the design 


Zone (2) i.e. y * 0 .2 


q - 70 kg/m' 


For floors 1 till 6 the wind governs the design while for 
floors 7 till 12 the earthquake governs the design . 


(c) g-one^mj^ 2 = 0.! . g = so fcg/m 2 


For floors 1 till 8 the wind governs the design while for 
oors 9 till 12 the earthquake is governing the design . 

3 ' ghgJ MP force concrete shear walls 

Treated as a huge cantiliver system the design is governed by 
^lateral earthquake loads of zone 3 allthrough the twelve 


^ If reinforced concrete rigid frames are utilized, the 
gxdity of these rigid frames will be probably greater. Hence 
their participation may exceed 25, Fo r such a case u J 
recommended [to search ^ 

t , , :^ weight sit uation comparing both 
steel and reinforced concrete concepts. 
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WIND BRACING SYSTEMS OF BRIDGES 


|j 6.1. Introduction : 

* The PUrP ° Se ° f this cha ?ter is to present the wind 

f bra ' ;i " ,: "V"'-*™ '-he -nrrerenl 

| 3nd t0 i0ll ° U the contents ° f ^e following paragraphs the 
l reader ” USt have a minirnum background regarding the old as well 
| as the recent bridges structural systems. 

( The purpose of the bracing systems is to transmit safely 

| horizontal loads acting either in the longitudinal or in the 

| transversal Erection to the soil. These horizontal loads may 
> be one/or a combination of the following loads: 

f; IndUCCd forces due to the moving loads (lateral 

shock, braking force, centrifugal forces.etc.). 

(b) Induced forces due to the wind action. 

(c) Induced forces due to the earth quakes. 

,0r '“ d ” «“ instability ph.„o„,„o„ 
f °'” 1 b “ kll ”S <* co„pr.„i„„ bucUing * of 

compression members, .... etc. ) 

In addition, the wind bracing systems are of a 
|etermin lng parameter regarding the following: 

(a) Th. tr»s».™,i distribution of Pores ,cti„ g on in, 

— * - — 
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(b) For cable and suspended structural systems, the wind 
bracing can omit the problems of vibrations. 

(c) For through plate girder and deck tubular girder 
bridges, transversal wind bracing systems (namely diaphragms) 

will prevent the lateral deformation of these structural 
systems. 







i ✓ \\ 




t'B 




(1) Main girders (M.G) (2) Floor (R.C or orthotropic plate) 

(3) Horizontal, longitudinal lower W.B.(L.W.B) 

(4) Horizontal, longitudinal upper W.B. (U.W.B) 

(5) Intermediate, vertical, transversal W.B. (Intermediate cross 
frames) 

(6) End, vertical, transversal W.B. (End cross frames) 

(7) Hinged support ( 8 ) Roller support 


Fig. 6.1. Different Structural Elements 
Composing a Classical Bridge 














472 


CHAPTER 6 S 


f (d) The bracing systems must ensure the stability of the 
finished constructed bridge as well as its stability during 
erection. Hence, if necessary, temporary erection wind bracing 

t SyStemS ^ t0 b ° provided during the different construction 
| phases. 


I I Flg ' 6 ' 1, illustrates the different structural elements 

leomposin* a train Th. aUuutural elemenL is 

|either a truss or a plate girder' system, while the bracing 
Isystems are of the triangulated systems (i.e. trusses). 

|6.2. Windjgads, Impact, Centri fugal Forces, temperature Effect . 

I gE^lng Force, Lateral Sh ock and frictional Resistance . 

I The following specified loads and forces are extracted 

■from the Egyptian Code of Practice for loads and forces (1993). 

I These loads and forces are to be introduced for the 

f. p .w 

fengitudinal «!d |hej,transversal .lability of the bridges. 

2* 1 • Wind Press&ffe ? 

I m 0,4 of bridge, uh.re ulnd h „ to ^ 

r ~~*~«**> •“ —* - m.., o d „ . . oving load 

! ” Ct P r ossure „„ th. w i nd „ ard „„ 

suction on lee^d , ld . ^ ^ J “ 

■onizontally , t a slight to 

ridge structure, so a. to take effect o„ tb 

J IGCt on the exposed area of the 

ring and the leeward parts in thp /» ^ 

a parts m the case of openwork structure. 

if" For Maximum Lateral Eff ect. 

- ».n the structure 1 , unoccupied by . movipg loa „_ ^ 
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n.a Ximum wind pressure "including --"--- 

arU3 SUCtion on the leeward side shallT^ ^ ^ " indWard si 
bUt " hen there is a movW b ° — d to he 200 ^ 


bUt 2 When there is a moving load “ to be 20 ° ^ 

kg/m ’ sha11 be assumed as actin „ rC ° n ’ 3 " lnd PreSSUre of 1 
the structure and the moving l oad ^ ^ eXP ° Sed SUrfaCe b °th 
Pressure on the windward side and th ^ Pr6SSUe inClUdes * 

The Pressure on the latter be' & SUCU ° n ^ ^ IeeMard sid 

—.j:,r* c ° nsid — — -*... .,„ t< 

Plate girder -> truss girde e r a th e n °^ al Pr ° jeCted ele vation of th, 

parapet shai1 *—be expose;::: jrrr 1 — 


Wc 




Fig. 6.2 


° -tn cases where a 1 

proj,ction *• -« 

■ 1 Wln <* pressure. 


m 











| 4 The unscreened wind area for live load on any deck bridge 

I shall be taken as a single vertical plane surface having a 
|continuous height of: 

3.5 ms. above rail in case of railway bridges. 

2.0 ms. above rail in case of roadway bridges and of 
ich length as to produce maximum stresses in the members under 
Onsideration. The reeuHant of wind pressure on live loads 
Sail be taken as acting at the centroid of the exposed area. 

In arriving at the total effective wind and wind area of 
|e loaded structure, allowance shall be made for the screening 
pects of the structure on the live load, of the live load on 
jhe structure, and of live loads on each other. 

The maximum effect from the wind blowing in lateral 

direction either on the loaded or unloaded structure shall be 

taken, having regard to the lateral dispositions of the live 
load. 


b " For Longitud inal Effect.? 

A longitudinal wind force equal to half the total lateral 
wind force (a) above shall be taken. Thi, force .hall be 

Combined with lateral wind force e^i to half the lateral wind 
force gi„.„ ln [a) above „„ ^ ^ ^ ^ ^ 

compatibly. 


6.2.2. Dynamic Effects : 

6.2.2.1. Railway Bridges : 

»=rey^^7 U ctur. c ,rrie. , railway approbate 
iti.no Chau be mad. to tb. live load specified to allow for 

. effects of hammer blew of locomotives, rail Joint. a „d track 
and wheel irregularities. 
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" ( , b) h Th t 6 f0ll_OMin «"^i^’al formula detenHin^T^^T^T^ 

: ; C the . UVe l0ad t0 - —P— to give the addition J 
■ llJ dynamlC effeCts d - to the aforesaid causes: 

I = 24 / (24 + L) 

with a maximum of 75% anr? i , , 

an absolute minimum of 25% where "i" 

. —- „., ... „ 

°f J ' J ' ,d,:d le »Kths of double tracks Tn 

multiple number of tracks / ^ ** 

acks » the dynamic effect «h=»n w 
considered for the two critical tracks only. 

";,uT " l " ' £ ■ “ ring,r 

8 rs shall be taken equal to th* ^ > . 

. - 4 the eff ective span of th* 

tringer. For cross girders "I" ch ii u 

s-iiaers L shall be taken emial + K 

of the effective spans of th + - Suni 

Pans of the stringers in the adjacent panels. 

.... ™ rr. zrrr. 

by 10 % 111 s «ail be reduced 

<n> ! 

“7"' "'T ° f HC - «“ appropriate ,„ ec , 

shall be considered according to th» ■ , 

“ C. Streeter.., - 

oo-po.it. action betueen concrete ., 17 ” " 

oonJItelbreTLtr ^ «“ «*■* - 

act as composite section, 0 ^ 1 , b ° th 34661 ^ C ° nCrete 

assumed for the design of the JTJL. ^ | 

Ce) In the case of ballasted floor steel brid 

thickness of 20 cms and geS ’ Wlth 3 rainimum 

"is. and a maximum thickness of ™ 

ballast under the sleepers the ^ ’ 0f 

eepers, the value of (I , giyen ^ 
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p above formula shall be reduced by 20%. If the thickness of 
|llast is more than 50 eras , the factor (I) shall be reduced by 
0% for each 20 ems more in thickness, on condition that the 
imum reduction in the factor (I) shall not exceed 50%. 

| f) Dynamic effect shall be neglected in the calculation of 
elastic deformation. 

|6.2.2.2. Road Bridge s: 

(a) for roadway bridges, the impact coefficient shall be taken 
for the loads in the main lane only (60 tons vehicle and 500 


kg/m ) as follows: 


X == 0.4 - 0.008 L 

With a minimum of zero where "L" in meters is loaded length of 
the traffic lane giving maximum effect. 

(b) No addition for impact shall be made to the live load due to 
pedestrians or any equivalent light traffic. 

6.2.3. Centrifugal Forces : 

6-2.3.1.jihere_theJ.r^^ra i iway bridges is curved , allowance 
for centrifugal action of moving loads shall be made in 
designing the members, all tracks on the structure being 
considered occupied. The centrifugal force "C" per track acting 
radially at a height of 2.0 ms. above rail level shall be 
calculated from the following formula: 


Where: 


c = (W . V J/(127 R) 

c is the cenrifugal force in tons. 

W is the maximum axle load in tons. 

V is the maximum speed (in km. per hour) of the train 
on the curve in question 

K is the radius of curvature in meters. 











_i£^ynanuc^^ and ^ 

^orc^shall be taken into account as p^o7id 

and the following cases he- clause (6.2.2), 

g cases being considered: 

a Fast-moving trains with centrifnaoi ** 

centrifugal force and full 

dynamic effect. 

Slow-moving trains without centrifugal force but with 
naif dynamic effect. 

radial direction at the surface of the road and parallel'^t!" 

The nominal centrifugal force "C" in t 
as follows: t0nS sha11 be taken 

C = (3000) / (R + 150) in tons _ 


Where: 


-R- «. th. radio, of of t „. w in ^ 

“ith each centrifugal force there .hall , 

considered a vertical i* , hali aiso be 

* vertical live load of 30 t .. A 

over th. nation,! „ ldlh) *, . ~ 

6 * 2,4 * Temperature Effe ct: 

expand *' °“ - «t free „ 

be .ad. for th. “ ° f .U«x, ahai: 

•„1 of ^ *“■ ~■ - 

Of temperature for steel and § centl 8 rad e) in variation 

for masonry 0.6 x 10~ 5 A ^ ^ ^ taken as 1 X io' 5 , 

°f the structure is 30 °' c TT ^ ^ ^ ^ 

‘ c for metal ^ 

embedded in concreteand by ± 20 ° , 33 1 Struct ure S 

concrete structure ahnv ° ° r Plain and reinforced 

otherwise specified. r bel ° W ^ l0Cal mean unless 
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ft When the upper portion of the steel or the 

H compositestructures is ata temperature different from the lower 
I portion rest of the structure, due to the effect of sun and shade, 
1 allowance shall be made for forces resulting from a variation of 
p +15 c. While for reinforced concrete structure this variation is 
| to be taken±15 c. The effect of temperature should be considered 
during erection. Ft would be advisable \ ,, oonslnirt i be bearings 
in tlie early morning if done in summer and at midday if done in 
winter. 


6.2.5. Braking Force and Trac tion: 

6.2.5.1. Railway Bridg es 

When a structure carries a railway, provision shall be 
made for the stresses due to the braking effect resulting from the 
application of brakes to the live load while passing thereover, 
this force being considered as acting on the rail and equals to 
l/ ' ° f the maxim um live loads supported by one track only. In the 
case of two tracks, the braking or tractive force on the second 
track shall be taken as 50X the above value. In the case of more 
than two tracks, the braking or tractive force shall be considered 
as applied simultaneously to two tracks only. 

The effect of the braking or tractive force on the 
abutments and piers supporting the fixed bearings of "bridges 
shall be taken into consideration. No in crease for dynamic 

eff ect shall be made in the' stresses ^ ,,, .. 

tractive force . --— 

6.2.5.1. Roadway Bridges :- 

For roadway bridges, the longitudinal load due to traction 

or braking of , vehicles is to be taken as 25V. of the main lane 

This horizontal longitudinal braking force must rot exceed 90 
tons. 













If CHAPTER 6 479 

th The traking ° r trac “ve force should act at the , 7- 

the crown of the bridge floor o a h leVel of 

for impact. t ° should be made 


era^ Shock Effect : 

f "*' «tfesse B fjTV r T S ’ Pr ° Visions shan »>« *««* 

‘ locomotive wheels i n string 6 atGral effeCt ° f the 

end frames, as well as in th e " ^ 

the bridge piers, abutments and foundat ” —tions and 

be taken as a single nominal load of 6 toT^ ^ ^ 

ln either direction at right an i S ’ aCUng hor ' izo ntally 

and at such a point in the span ^ ^ ^ 

ln the men >ber under consideration r maXlmuni effect 

than one track, a single load ^ elementS su PP°rting more 

sufficient. " ^ 33 S P-tfied, shall be deemed 

^^r^f^or^amic effect 

stresses due to be made in the 

For bridge on curves th 

f ° r “ *“> «• lateral ehoc ' k *" 

the greater stress due to either th Sha11 ^ ^ added; onl y 

account. r he tw ° shall be taken into 

6 . 2 . 6 . Frictional Resist, 

7-i^tanceof^Bearings: 

variation'° f ^ ^-e due to 

friction on the expansion bearing C3USeS ’ the due to 

tak ° n int ° acc °unt and the foil ^ ^ ^ ^ ° nly Sha11 be 

shall be used.- lng Efficients of friction 
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a- Roller Beari ngs: 

for one or two rollers 

for three or more rollers 


0.03 

0.05 


b~ Sliding Beari ngs: 

for steel on hard copper alloy bearings 
for steel on cast iron or stool 


. .0.15 

. .0.75 


for steel on polytetra fluoroethylene (PTFE) 
with average contact 
pressure of: 1 kg./nun 2 


2 kg./mm" 

3 kg./mm* 


. 

. . . 0 . 



• • • 

. . . 0 . 

• • • 

. . . 0 . 


6 ' 3 ' —-giving Sys tems Ensuring the Stability of the 

Classical Bridge Types : 

The COncept of the classical railway and roadway bridges 
«; is such that each structural element is behaving independently. 
The transmission of loads is direct and straight forward 
ensuring the minimum path of loads. 

6 ' 3 ' 1- T^aagh Br idges of the Classical Tvn P - 

Fig. 6.3, illustrates a through railway bridge of the 
c assxcal type. The stringers are continuous beams resting on 
the cross girders. The stringers-to-cross-girders supports are 
elastic and for simplicity these supports can be assumed rigid 
On the other hand the cross-girders are simply supported on the 
main girders chosen either trusses or plate girders. 

The following bracing systems are utilized to ensure the 
ongitudmai as well as the transversal stability of the bridge: 























_30__to_35MmM Q x. 1 


30 1 to 35Mm Max. 


C1 )Main Gir*der* f \ p„„ . 

(4) ' (2)Cross Girder. (3)Stringers. 

C4)Traverse. C5)Rail s . + 

f8)Supports. ’T * 

(lO)Braking Bracing. 

(12iRnit • ill)Hole m Cross Girder We 

(12)Bolts resisting shear. (13)Plate t 

(14)Packing. 1 I 316 to ensu ™ continu 

Fig- 6.3. Details of a Classical Bridge 
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I 6 - 3 * 1 * 1 - The Stringer Bracing System (Structural Element (g)) : 

The stringer bracing system is composed of the two 
stringers which are connected together by diagonal members as 
shown in Fig. 6.3.c. The supports of these stringer are provided 
by the cross-girders. 

b. 

P"_ lateral shock is a 6 tons concentrated load which 

|feets at a jifefeitifett Ihdueiftg th© maxlmum forar? in the tUrCovvul 
|bracing members .a 

I The induced maximum forces in the different structural 

|elements composing the stringer bracing system are: 

I j 55 + 6 tons. 

ft 

| Fj = + 3/cosa tons. 

6.3.1.2. Braking Bracing System: 

Fig. 6.3.d, illustrates the braking bracing system where 
its central portion belongs to the stringer bracing. The 

diagonal members 6-7, 6-8, 6-?' and 6-s'are added to create the 
panel shown in Fig. 6.3.e. 

Generally, either two braking bracing systems at the 
quarter points of the bridge or one system at mid-span are 

provided to transmit the braking forces to the supports via the 
main girders. 

Fig. 6.3. e shows the case of one braking bracing system 
at the bridge mid-span. The structural system- is statically 
indeterminate. ihe applied loads being symmetrical and 
anti-symmetrical with respect to the horizontal axes (X-X) and 
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Y ^ 5 thus the induced for ceT"Ti7T ~ 

(8 ^> (7-9), ca-10) and (7^0) " C8 ~ 103 ’ (7 " 10) ' 

these members win b . re2ero ' Hence the dimensioning 

* Citation (!/! > 200) . *° V * rn0d * th « ^mderness ratio 


6 ' 3 ' 1 ' 3 • Lewer jand Bracing Systems: 

't is always preferable !„ ,„„ vM e , 

;;;; an " - ,u "v iua ^ lf Posslble . . B - . an 

~g£ljhe_plate|_ girder thr ough bridge sh 


Wind . W c 



(a) Transversal C.S. 


W C h 



a 


(b) Lower Wind Bracing. 

Fig ‘ 6 ‘ 4 Win d Loads on L.W.B 
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1" In °rder to compute the force Fj induced in the most 

I stressed diagonal shown in Fig. 6.4, proceed as follows: 

f. 

(i) Case of Occupied Bridge by Moving Load : 

/ 

W G + W G = X h X a 

= X Ci + *V + 3-5 ,,ls ~h) X a 

Where : h = height of main girder ; 

h c q = height of cross girder ; 

= height of floor ; 

100 = intensity of wind kg/m 2 . 


Hence : 


= 3 (W T + W G + V 


R l - 1/2 CU + W + W) 


2 cosa 


(ii) Case of Unoccupied Bridge: 


W Q + W Q = 200 X h X a 


fence : R L = E (W G + W G ) 


F I =- 


R l - 1/2 (W G + w G ) 

2 cosa 
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^ 6 ~ 5, illus trates the transversal cross section of a 
pony truss roadway bridge as well as the structural system of 
the lower wind bracing. For the computation of the force 
induced in the most stressed diagonal, proceed as follows: 

(1) pase of Occupied Bridge by Live Loads: 


W G + W G = °‘ 4 X 100 X (h - 
W f + W f = 100 X h X a 


h f ) X a 


W„ = 100 X 2.0 X 


Hence : 


Rl = 5 ( tf + ff + W _ + » + wl } 


F I = 


G "f r "T T "G * H f 1 
\ - 1/2 ( W G + Wf t W T + v' G + ) 


cosa 


Where : 


the height of the truss main girder. 

the height of the floor (i.e. the R.C slab 
thickness + the height of the cross girder). 

40 per cent of the total exposed area (due to 
* ,russ openings). 
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Once the induced force is computed, the member can be 
dimensioned according to Section 6.9. 

^ 6,6 > i llust rates a through roadway bridge provid ed with 

an_ upper and a lower wind bracing systems. 


The forces * G . U f , , w' and are computed 

tor the pony truss bridge. Then i^and f'are determined a; 


as 


follows: 


W_ + W 

R. = 4 ( CJL , 


u 


F I = - 


R i = 5 


W + W 

R, - 1/2 ( 


u 


2 cosa 


2 ( W G + W G + W T + W f + W f ) 


F i = - 


y 6.5 


V V 1/4( V V ~ 1/2(H t + W f + W )' 


2 cosa 















U.W.B. 


W c /2 



Fig- 4.6 Through Truss Bridge 
with U.W.B. & L.W.B. 
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6 * 3,1 * 4 ' Brackets, Verticals and Porta l Frames; 

^ a ^ Brackets of Plate Girder Through Bridges : 

The plate girder of the through bridge shown in Fig. 
fa. 4. must be capable to transmit the applied wind loads, (upper- 
portion of W G and W G ), to the lower wind bracing. 




(a) Wind Pressure 


/ 


i 


\ 


\ 

i Deed Lds + Moving Lds \ 


i-i_1_1_L 


Deflected Shape 
LT.B. Effect 


(b) 



Force Induced by 
LT.B. 


Fig. 6.7 Induced Forces in Bracket 










The plate 
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girder in part (a-b) as shown in Fig 6 
|U1 b,h.v. « . cantilever structural element. lnduce() 

|°ment through section S - S is 

it' : 1 1 


= C.2Q0 a) X 


<h ■ * c.c> 


. 6.6 


fere 


a - spacing between the cross girders. 

Mmressi he ^ ***" 8l ** d * r b ° ins to 

£ ™ *‘T“' t. buckle iaterally 

... compressed ’flange a, skown m 6 . 7 .„. ^ J 

I’event this phenomena of lateral torsi 
Irtical .*<«- . torsional buckling, the 

ceriicai stiffener Is to be designed + „ * 

fc. signed to transmit 2 percent of 

the flange compression force. 

The additional moment induced due to the lateral 
|orsional buckling phenomena through section s s is • 

I 11 


M 


/ / 


100 X ( h " h c.G } 


.6.7 


(Where : 


c = Area of M.G compression flange x f 

V allowable compressive stress as prescribed by 
the E.c.P. 1999 (clause 3 6 5 2) 

The induced moment of Equation (f, 71 ■ a 
, * Equation (6.6). the moment, , b * ““ *“ “* l 

! "» -os, girder via t h . bnc J t ” ‘ *° to 

**—r«rr in '*■ 6 - 7 - a " 

” *° * *"*- — ** allowable V 

Consequent iy lh . , pp r„ prla ,e Seollon ' 

checked against the allowable stresses Th * 2 ' 2 ° be 

« 2 through cross section S - S is t h ' 6 indUCSd m ° ment 

2 is tobe modified as follows: 
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M 200 X a X (h - h ) sin0 X e + ~— 

C.G 1 ioo 

+ i 5 o sinG X e 2 .- 


X cos0 X h 


6.8 


Hence compute the induced stresses. If the utilized cross 
section is not sufficient add the angle shown dotted in Fig. 


6 7. at. 


In order to transmit the induced moments to the cross 
girders, proceed as follows: 

Compute the moment induced at center line passing 
through mid-height of the cross girder as shown in Fig. 6.8. .- 

M„ „ = 200 X a X - (h - - h ,2 C l 

C : G 2 2 h c.c ) + ioo (h - 2 h G ": g 3 •■ 6 9 

i ' J 

Replace by two equal and opposite forces 


F ia nd F 2 : 


M r r 

F = F = f - ^ G 

1 2 ~^c 7 g 


• - . . 6.10 


The bolts attaching the bracket to the cross girder are 
subjected to a concentric shearing force equal to : 


F a + 


200 + 2 X 200 x a x h 


• . 6.11 


r the b ° u * ua<a,i " g “* 

r " ,nd br “ ing ■“* *• «•*«- -. sw 


c 1 

200 2 X 200 x a X h 


. 6 . 12 


F 













This moment is of small importance and can be neglected. 
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While thegoverning momentwill be that induced by the lateral 
buckling of the compression flange M = X (h — — 1 - ) 


Where 


C - area of the truss upper chord X allowable 
compression stress. 



II 

Ml 


Fig. 6.9 Vertical of Pony Truss Bridges. 

Hence the vertical members of the Pony truss bridges 
must be designed as beam-column members subjected to M "and the 
compression force induced by the dead and moving loads. 

(c) Portal Frames : 

For through truss bridges the reactions of the upper wind 
bracing are transmitted either to the lower wind bracing or 

directly to the abutment via vertical or inclined portal frames 
as shown in Fig. 6.10.a, b. 


II 


Si 


iljjj 

m, 

m 


m 

m 

I 

m 


if 


The vertical portal frames "1" is composed of a cross 
girder, the first upper bracing strut member and the edge 
vertical members of the truss bridge main girders. On the other 

















Inclined 

Portal Frame "2'y 

Y\ 

// i 


U.W.B 


U.W.B. 


-L-W.B. Vertical Portal 
Frame "1“ 



Strut 


•u , , _ ~ 


31. 5 i; 

_ 

-fl h 


= 

h 

Cross Girder 
/— 


hc.c 

—_j: 


( c ) Structural System 


Vertical (System V) 
Diagonal (System "2") 


At:- h/2 (Vertical Portal) 
h/3 (Inclined Portal) 


_Ry _J_ 

Mi hs/2 


X=Ru/2 


3 h/2+h b +h s /2 


b X=Ru/2——J 


Mi -Ru.hs/2 M z =(R u /2).(h/z +htl +h s /2) 
m 3=Mj +Mg M 4 =M 5 =(Ru/2).( h/ 2+h h +h s /2) 

(d) Moment Diagram 

Fig. 6.10 
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hand the inclined portal frame "2" is composed of a cross 
girder, the first upper bracing strut member and the edge 
diagonal members of the truss bridge main girders. 

Fig. 6.10.C, illustrates the structural configuration ofthe 
vertical portal frame " 1 ". The system being statically 
indeterminate, two intermediate hinges are assumed at half the 
cl-ar height "h». if the portal frame is of the inclined type 

"2", the two intermediate hinges are to be assumed at one third of 
the clear height "h". 

The induced moment straining actions due to wind action 
are shown in Fig. 6.10.d. The main truss vertical members as 
well as the horizontal strut are to be designed as beam-column 
structural members subjected to the corresponding moments shown 
m Fig. 6.10.d and the following normal forces: 


,, . . , R f h +<h + h)/2j 

Vertical members V ~ + u h _ s 

~b 


Horizontal strut X = _ - 

2 


6.14 


6.3.2. Deck Bridges : 

It is preferable always to choose a deck bridge type than 

through one for road purposes if posible. This type will 

facilitate the visibility conditions and is of better esthetic 

appearance. On the other hand for railway bridges of the 

composite action type, the deck systems will induce the minimum 

possible cracks in the floor slabs specially for aone span 
bridges. 






6 - 3 ’ 2 ' 1 ' g^ii ^ges Provided With Upper and L o wer Uind Bra cing 
Systems : ’ 

Fig. 6.11, illustrates the transversal cross section of 
a deck railway bridge of the classical type. 

The bridge is provided with an upper wind bracing 

transmitting the forces W, r W f . w'. ’^,,,1 while the 

lowefr wind bracing will transmit the forces i^and I W ' ; . The 

reaction of all these forces are transmitted to the supports via 
two end cross frames (transversal wind bracing). 

The wind loads W W u' A , 

T* w f , ... f w c are computed according to 

■*“* l0 “ 6 -’ “ d 6 ' 2 ’ “>*" "» force induced i„ the -out 
stressed diagonals of th . M t h. t .,. B „„ „„ determined. 

It 1. to bo noticed that the forces » » ,„ d m 

transmitted M-o + ~_i . _ T f f 


T’ « _t***v* n elrc 

transmitted the panel potml. of the upper „,„ d bracing'p,n, 

“ * ddlUon * 1 " ■ [» T «< ■>, • ijs). t» f .«;> .* h j. 


This moment "M" will create the vertical forces (V =“) „ h i c h 
will be transmitted to the supports via the main girders 

The structural system of the end frames is as shown in 

lg ' The tW ° diag ° nal are assumed to share 

equally the reaction "R ", Hence - 

u hence the force can be computed: 
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N.B. Intermediate cross frames are to be provided at the 
third panel points of the bridge to increase the stiffness of 
the bridge. Their dimensioning can follow the slenderness 
iratio limitation 1/i } 200. 

J6.3.2.1. Deck Bridges of the Open Type Cross Section Without 
Horizontal Bracing : 

Fig* 6.12, illustrates three deck bridges of the open 
type. The composite floor slab of Figs. 6.12(a) and (b) will 
act as a rigid horizontal bracing transmitting all the applied 
wind loads to the two end cross frames. One can notice that the 
cross frame of Fig. 6.12.a is a two hinged frame while that of 
Fig. 6.12.b is of the triangulated type. 





(c) 


Fig. 6.12 Deck Bridges of Open Type. 










CHAPTER 6 


499 


Fig. 6.12.C shows a deck bridge where the floor is an 
orthotropic plate which acts as a horizontal wind bracing. 

For the design of the different structural systems 
transmitting the applied wind loads to the soil let us consider 
the following: 

(n) Applied Wind J.oedR* 

Referring to Section 6.1., The different notations 
of Fig. 6.13 can be computed as follows: 


p t = ( p G + p G ) = ( p f + p f ) = 100 Kg/m' 


6.16 



hf ~T p *B 



n 

B p f ■ 



Fig. 6.13 


The following loads are calculated for 1.0 meter run of 
the bridge : 






W T = 100 x h T = 100 h T Kg/m ; 
W f + W f = 100 x h f = 100 h f K & /m ' 
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W G + W G = 1°° X h = 100 h Kg/m 


All these wind loads are transmitted to the horizontal 
slab which acts as a horizontal wind bracing system. The path 
of forces to the slab will follow Fig. 6.14. 


Where 


H W T + W f + W G + W f + W G K S s/m 


v _ 1 , h T * h f ' h + h 

V b W T x <-— -J— ) - CW G + W ) x ( —- f 


2-) Kg/m 



Fig. 6.14 

Intermediate Cross fra mes: 

The applied wind loads on the main girderft wil 
induce the forces F^in the diagonals of the intermediate cross 
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' ' — -- - .... till 

frames spaced "a” meters. Fig. 6.15, illustrates the structural 
system as well as the path of forces. It is quite evident that 
the role of the intermediate cross frames is to transmit half 

the applied wind loads to the floor slab (lower half wind 
loads). 



(c) End Cross Frames : 

In the previous paragraph it has been shown how the 
intermediate cross frames transmit the applied wind loads to the 
floor slab. Then in order to transmit the reactions of these wind 
loads to the supports and then to the abutments we need to add 
cross frames in the transversal planes of these supports. 


M.G 



(a) 


Intermediate 



(Pc+Pc)h/2 



(c) (b) 


Fig. 4.15 Intermediate Cross Frames. 
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(a) Statical System of Floor Slob. 


R» .h 






i ml 

'(■I 


s,_s, 


(b) Statical System of End Cross Frames. 
Fig. 6.16 End Cross Frame 




Fig. 6.17 Special Concept of End 
Cross Frame. 
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Fig. 6.16.a, illustrates the statical system of the floor 
slab in the longitudinal direction. The bridge is composed of 
three bays with four supports fixed (i.e hinged)in the transversal 
direction (Symbol F) while in the longitudinal direction only the 
left end support is designed to carry all the longitudinal forces 
(i.e. fixed (i.e hinged) in the longitudinal direction). 

Fig. 6.16.b shows the transversal cross section at one 
of the intermediate supports. The statical system is a two 
hinged frame transmitting the reaction "R " to the piles cap. 
The reaction "R^" can be computed as follows: 


^1 + ^2 

R t = H (-1^-2-) 


6.20 


Where : 


L 2 adjacent spans of the intermediate support 


H is as computed in Equation 6.18 

The end cross frame can be chosen of the triangulated 
type. The induced force in the diagonals will follow Equation 
6.15 where is to be replaced by (H.L^as computed by using 

Equation 4.20 and 0 being the inclination of the two crossing 
diagonals with the horizontal. 

Fig. 6.17, illustrates an end cross frame where a built 
up cross beam has been utilized to transmit the reaction "R » to 
the corresponding supports. It is to be observed that ‘this 
cross beams are essentially subjected to shear stresses. Hence 
the cross beam web is to be checked against buckling which will 
govern probably the web thickness. 
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6 * 4 Wind Bracing Systems of Tubular Girder Brid ges: 

^ * 4 •1• Characteristics, Advantages and Application s: 

A tubular girder is a girder whose cross section is 
composed of several plates connected together and forming a 
closed section. The thickness is small compared with the major 
dimensions of the cross section. The cross section can be 
represented by a line at mid thickness, with the thickness 
defined at every point of the line. 

In addition to its longitudinal plate elements, a 
typical tubular girder will include some systems of transverse 
diaphragms or cross girders. 

I Generally the main parameters defining the proportions 

|of a tubular girder are: the shape of the cross section, the 
ratio of |he''span to the maximum cross-sectional dimension, the 
ratio of th^ Hi|th to the thickness of a wall and the diaphragm 
spacing generally expressed as a fraction of the span. 

Regarding the advantages of a tubular cross section the 
following can be observed: 

(a) The tubular cross section possesses high torsional 
stiffness and strength compared to parallel I-section girders. 
This is of useful characteristic for curved bridges in plan, 
while for straight bridges the high torsional stiffness will 
contribute to resist the eccentric moving loads and the 
transverse wind loads....action. 

(b) A tubular cross section will allow the use of large 

widths which is useful pnn i l,_ 

is usetui for the passage of services and 

where a relatively large breadth is required. 










505 


£§£ 

CHAPTER 6 

Cc) Characteristically the tubular cross section will 
allow the use of large span/depth ratios which consists the 
optimum concept where the construction depth is limited and is 
generally regarded as attractive. 

Fig. 6.18, illustrates the cross section of the Europe 
Bridge, over the Sill valley in Austria. The cross section 
consists of a simple rectangular box with a steel deck 
cantilevered out at each side. The maximum span/depth ratio was 
25.7 . The cross section is composed of two webs fitted with 
shop-connected flanges at the top and bottom to form the 

conventional I-section girders between which are placed the 
upper and bottom plates of the box. 


4.05* 




Fig. 6.18 Europe Bridge - Austria. 
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Diaphragms of the tria^iot.d lype .... ^ ^ 

' The combinatlon of cross-girders and transverse 
feners provides intermediate flexible diaphragms at 9.0 ms. 

. . U ^ alS ° POSSlble to use * terete deck instead of a 

-eel one. Fig . 6 . 19 shoMS the _ ^ Qf ^ ^ ^ 

i ge in Scotland. The bridge is divided longitudinally into 

l: k Q r^- B ".™'« - * >.~vy coLete 

acts Th 3 Sln reCtangUlar bOX - The dePth iS cons tant at 

thi k - 1S glVeS 3 Span/depth ratio of ™.0. The total slab 

thickness is 30 cms. Of this a strin ?n 

u . . ’ a stri P 20 cms thick and 3.6 ms 

was cast onto the steel girder before erection. 



Fig. 6.19 Tay Road Bridge - Scotland. 


The 

ube. fig. 
"thotropic 


tubular cross section ^ le compo ^ . f miti _ ceu 

b ' “■* chara °t er istics of th. Concordia 

bridge composed of . throo-c.Ii tnh. with a loTO 
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flange continuous over a width of 18.0 ms. The steel deck is 
cantilevered at each side. 

The structure was erected by cantilever erection 
simultaneously from the two abutments, with temporary towers and 
cable ticbacks. The cross section was divided into twelve 

pieces for handling as indicated in Fig. 6.20. These pieces were 
shop welded and field niveted. 


Grade 

Taper 


102ms 


157ms 


Parapolic Curve 
Constant Depth 

s. .E 

I 157ms i 


157ms 


Grade 

Taper 


102ms 


24.6ms 


10 to 20mms 


Uimrns trough. 34cms deep 
\ Supporting deck Plate 
\\ 30cms centers. 

\\ 

_AA 10 to 20mms < 


- 

75cms deep 
cross girder 

4.8ms 


4.4ms 


1.2ms 


5.0ms 


7.0ms 


Fig. 6.20 Concordia Bridge - Montreal. 

6 ‘ 4 ' 2 ' - heor y. Analysis and induced Forces : <" 

6 - 4 - 2 - 1 - Eccentric Moving Loads : 

Bridges of the tubular type and those composed of two 
I-sections with upper and lower wind bracing systems are 
resisting the torsional moment by the induced uniform shear 
stresses along the cross section walls. 
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izj : r pute “ — 

an eccentric moving ^ \ “ ^ Case «* 

moving load as shown in Fig. 6 .21. 

.rr tu - str '“ tur * 1 - 1 — 

ir —zz r 18 ~ *- 

lefined by M"’:v• •'-'■ e ^ ors i°nal moment is 

I- ' t' ^ .'V ^ .' ..: . . 




p(t/m) 


Fig. 6.21 

The induced shear stre«?cj*»o 

r°JLlowing relation CBredt Formula); ^ C ° mPUted USin * 


9 = y.t = 


2 Ao 


here 


. 6.20 


A ° * by the walls. (a|1 2 , 

1 ■ tM — »f th. „,u,. (cm 


r ~ the induced shear o( „ 9 

ear stresses. (t/cm 2 ) 


q = the shear flow. 


(t/cm) 







The closed section may be obtained by using two 
I-sections, an upper and a lower wind bracing systems. Fig. 6.22 
illustrates two cross section configurations, while Fig. 6.23 
!;hOW!i UlC Plan ° f two longitudinal wind bracing systems. 


Upper W.B. 



For the two cases shown in Fig: 6.23, the induced force 

in the diagonal member is (D = q.d) as given in the following 
paragraphs. 

• " . # 

Where : 

d - length of diagonals. 

b = distance apart between the two main girders, 
s - intervals between diaphragms, 
q = the shear flow. 




,b| S2 { gCjOc 


:4mi 

■ml 




•. : 


& 








Now consider the vertical eccentric moying load shown in 

Fig. 6.24 applied between two consecutive diaphragms. For a 

very flexible transversal cross section, we can assume four 

hinges at the intersection of the walls composing the folded 
plate (i.e. the bridge). 

The eccentric load "P" can be replaced by two loads P/2 
and a moment (|* t = P.e) as shown in Fig. 6.24. 



P/2 P/2 




Fig. 6.24 Straning Actions. 
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Fig. 6.25, illustrates a slice of a tubular girder which 
includes a diaphragm. Only the applied moment "M " is retained 
in the following analysis: 

Tg , T\j= interior torsional moments to the left and 

dii 

right of the slice structural element. 

The induced shear flow is: 


2 b h ; ^ = 2 b h 


6.21 


From equilibrium of moments we get: 


T - T. - M.0 

g TH- 4; 


i-e Aq = q g - q d = ^ 


• • • • . . 6 . 22 


From equilibrium of horizontal forces at node ”1" we get: 


AQ = Aq.b 


6.23 


The induced force in the diaphragm diagonal member is: 


D l . A Q 
d ~ b 


6.24 


Using Relation (6.23) in (6.24) we get 


D-±AQ-=±A q.d 


6.25 


Hence replacing (6.22) in (6.25) we get: 












512 


CHAPTER 6 


M« 




+ <P 


Fig. 6.25 Slice of a Tubular Girder Bridge. 

(b) C -^—-Arbitr ary Moving Loads Applied on 

Intermediate Diaphragms : 

In the previous paragraphs only an eccentric 
itributed moving load on a unit length "p" t/m’ applied or 
.gle diaphragm has been introduced. While if this load is 

-lied along the longitudinal axis of the bridge (i.e. along its 
in), the external moment is: 


M e = p . e . s 


6.27 


re : 


“ the distance apart between the diaphragms. 


Hence, the induced force in the diagonals of the diaphragms 

computed making use of Equations (6.26) and (6.27) as 
-.lows: 


.6.28 
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on the other hand if th. moving load, concentrated 
•long the longitudinal aria .f the bridge, th . infl „. ncc 

;;i: l ” ^ 6 ; 26 “ "* " tUlM the applied load, 

e tn ermediate diagram. Then the applied exterior moments 

«V « calculated. Ih. diagonal Pore, is e.mpnted by 
replacing (p.e.s) by the value (M ). 

e 



Fig. 6.26 Influence Line For the 

Determination of the Applied 
Loads on the Central Diaphragm. 

(c3 

Consider a tubular girder briH^T" ' ~ 

spans. Fig 6 27 .h composed of three 

moments. It ls „„ “ dl * £r “ ° £ “need torsi.™! 
constant between two T *■ 

diaphragm i.oation ”, “ Mle “ «* 

M. . gra ™ Sh0ws a discontinuity equal to 

te 

Mating use of tb. diagram shown i„ 6 „ „ „ 

procedure previously outlined i„ M tl,e 

induced diagonal fore P»nh£r»phs (a) and (b) , the 

diagonal force can be computed as follows- 
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M. =p.e 


taphragms 


S , s 




M te =s M l .s 


ta I T 


' • 6 -27 Diagram of Interior 


Exterior 


Torsional Moment. 


•nor applied moment at the intermediate 
"U * % - T 


support ss 


Hence 


•eferring to Fig. 6 . 


D = + ta . 
2 b h ' d 


28 the di agonal force is- 


• 6.29 


AQ=Aqb=^ts. 
— 2h 


d\ 

✓ N -\ 



TP' b 

*£■ 6.28 Intermediate q 

8te Support E "d Diaphragm 
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6.4.2.2. Straining Actions Due to Wind Loads : 

The procedure will follow exactly 
previously outlined in Section 6.4.2.1. 


the principles 


The applied loads for a left wind action are shown in 
Fig. 6.29. The applied wind loads W T , W f , W G , W^.and ^are 
computed by using Equations (6.1) and (6.2). 


H o = w T + Wf + + i ( w G + W G ) 


H u = 2 ( W G + W G } 


6.30 


V = W T ' -i 




h=2e f 


Fig. 6.29 Applied Wind Loads. 


f Intermediate Diaphragms : 

At the location of an intermediate diaphragm, the 
induced moment due to wind loads, acting between the different 
diaphragms, is to be transformed to shear flow. 









From equilibrium of 


moments we get: 
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Hence : 

Where : 


D = ± 


+ SL^2 d 

2 A * d 


.6.36 


W = 


2 ( W T + W f + W G + u' f + w'j ( Lj ♦ L 2 ) . .6.37 


/ 

e = the eccentricity of the resuitant horizontal 
load »W" with respect to the center of gravity 
of the closed cross section. 

A q = area enclosed by the walls of the closed cross 
section. 

L r L 2 = neighbouring spans to the end diaphragj 
(Intermediate.Support). 

CU) In Edition, tb. diaphragm must transmit the 

horizontal load » to the supports T„ 

corresponding to this portio^ L^ ^ 


:m 


D = ± 


W 


4 cosa .. 

Hence the total induced diagonal force in th 
diaphragm, using Helations (6 . 36) and (6 . 3y) 


+1 

tl 

Q 

W. e' . d y 


z a q 4 cosa 

--j 


. .6.39 


Refer to example 6.6. 

6 * 5 ’ Arch Bridges : 

supported i„ <****"«* 

*• - — ^ Li zz r r ~ tr ™ 

structural element. f0r “* ln th ° «■<* 
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The different arch systems are presented in the 
following sections and then grouped into three main categories 
regarding the transmission of wind loads to the soil. " 

6 - 5 - 1 ’ Nomenclature of an Arch Bridge and Different Systems : 

The classical arch structural member consists of a 
curved rib springing from two edge abutments. These abutments 
transmit the inward horizontal reactions of the arch action as 
well as the vertical reactions to the soil. Fig. 6.32, 
illustrates the different variants of an arch element. 



Extrados or Back 


Intrados 

<u 

or Soffit 

{0 
•H 


ns 

\r* 


Voissoir 


f --- 

-J (element between 

V-Springing Line 

adjacent Sections) ( 

Span 


Arch rib or barrel 
Arch Axis 


Skewback 

Abutment 


fig. 6.32 Arch Bridge Nomenclature. 

The different arch structural systems can be classified 
as follows;: 

( a ) Solid Spandrel Arch : 

The space between the deck and the arch may be flM 

", “ rth varUcal „ 1M „ alls , t 

*"“7 « «Selld Spandrel W. G .„.„ Uy 

IS rarely utilized in steel constructions. 

(k) Open Spandrel Arc h: 

the , ““• a™ utUi„d to transmit 

“ " ™" l ” lhe aroh - th « structural cycle. la 

Open Spandrel Arch*. Thin coni Italian lllostr a led 
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- - - - 

diagonals are added th. , . 

. , ea, the combination of arrh ^- K 

deck, vertiraiQ . x arc « rib 

1Cals an <* diagonals form a tru., ari a • 

a braced spandrel arch Csee Fig. 6 . 33 .h) ” ^ ^ " 

T,, ° '" n! " < ham, | n, i„| u ttl 

*—"* "•««* *■». 7- *•** 

provided for by de„i,.„i ng th . „ oh rib ' b * 

nornent and thrust Alt +• 3 comblnatl °n of 

iech. This feature " ly ’ “«* »e toh.„ by th . 

» 1 ° an be P rovi ded by using the ^ 

* ch illustrated in Fig. 6 . 33 . c . Stiffened Deck 




(b) Braced Spandrel Arch. 



(c) Stiffened Deck Arch. 


Flg ' 6-33 0pen s Pandrel Systems. 
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(c) Tied Arch Systems : ♦ 

If a tie is utilized at deck level to supply the 
horizontal reactions of the arch rib we obtain the bowstring 
system illustrated in Fig. 6.34.a. 


tied arches. 


Fig. 6.34.b,c, illustrate two other configurations of 


** ec k i- s utilized, thus this depk can supply 


the induced moment and thrust. The stiffened deck arch bowstring 


Girder shown in Fig. 6.34.d is one example of this form. 


anger Arch Rib 



Deck 


Arch Rib 



Arch Rib Ti, 



linger Archjhb Stiff Deck 



Fig- 6.34 Tied Arch Systems. 


a cc 



bridg 










(d) Rigid Frame Syst 


ems: 


CHAPTER 6 m 



Fig ' 6-35 Ri S id Frame Systems. 


5 ' 5 " 2 ' ^l-g£g£ig g Systems of Arch r^,^ . 

5 ' 5 ' 2 - 1 - gp gp Spandrel Arch 
Alternative "\" ; 

■ridge 'ph “ »P»> faced spandrel arch 

transversal stability Is ensured using upp e r 










horizontal wind bracing system and intermediate cross frames 
U-e. diaphragms). The deck is a reinforced concrete slab 
acting as an upper wind bracing. The intermediate diaphragms 
ransmit^the transverse wind loads to the upper wind bracing. 

, „ illUStration th * diaphragm at mid-span will transmit 

V V to the u PP er W.B. (Fig. 6 . 36 .b) 


1/1*0, O , 


W 1 + «i = 0.4 x 200 x a x 


The induced wind force 
intermediate diaphragm is: 


in in the diagonal ofthe mid-span 


n (W 1 + W l ) 

D = ± 1 1 


2 x 2 x cose 

. . 6nd diaPhragm (end cross frame) is dimensioned to 

6 36 S < 6 '^° le applied wind l°ads to the foundations (Fig. 

fon' m ° St StrCSSed diag ° nal —*«• »»t resist the 

following force: * 


D 1 = ± 


R 


u 3 


t t + W„) 


2 cosa 


Where : 


R u "* ( 8 ( VV + + 2 l[cvv + ---+cvv] 

Similarly ; 

f R - 

= ± 1_JL_ 


cw. 


2 cosa 


+ w ')/2 ] L , 

-- ——D_=? ± -O 


(W 5 + W 5 )/6 


2 cosa 


6.40 


3 




If Wind bracing shown in Fig. 6.36.d 

utilized, the induced force in the diagonal member is: 


p - ~ R u W f + W f 72 ~ « 5 * W 5 


2 cos^ 


.6.41 



(a) Elevation 




' * I I I I R W 
(w, +W r ) 




(W. +'w,)' 


(w 3 +W 3 ) 


(d) Upper W.B. 



Fig. 6.36 Open Spandrel Arch Bridge (Alternative ”l”). 

Alternati ve " 2 "j 

—::r: r t“" ^ 

utilized end cross frame 
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The upper wind bracing will transmit 8 (W f +W^.) and 


+ ---+ (W + W ) 

J D 


I [ CW 1 + iy 

of the two end cross frames. The corresponding diagonal force 
this bracing is: 


to the upper panel points 

in 


D = ± R u ~ 1/2 (U f + V - (W 5 + W ') 


2 coaa 


Where : 


R = ^ J 

u 2 


}■ 6.42 


8 


( vv + §<vv + z[cw 2+w ;) + .. + cw 5+w ; ) j 


On the other hand the lower wind bracing will transmit 

^ [ 2^ 1 H j) + + ( w 5 + W 5 ) j to the foundations. The 

corresponding diagonal force in this bracing is: 


d 3 = ± 



~ < W S + Vi 

2 cosa 


Where 


r l = \ [| (w x + V + £ (W 2 + w') + 


. . .6.43 


+ (W 5 + V] 










-----— _ 6 fggjjr 

induced forces in + u»....... 

diaphragms as well as the . 13800 3 ° f th " inte ™ediate 

Alternative "i". Cr ° SS ^ “*• -™ilar to 

6 ' 5 - 2 - 2 - lied Arch Bridge - 

T” ,ho " n 1,1 Fls - 6 - 38 - - 

- - «: ~ a ;r: * i its i ™—«- 

V—KU. t» th. f W and tance . ."™“ — 

o»po n „ ts „ m . d r . gardIllg lhc fount , a[i ;;; 2 ° n “ 

f’ig. 6.38, illustrates a a 

the arch by vertical h ° St ® el system suspended to 

cal hangers. The floor acts as a tie. 



3- Hangers; 

5- Inclined Rigid Frame 


2~ Lower Wind Bracing;"’ 
4- Vertical Ri gid Frame , 


i Fig ‘ 6 ' 38 - Tied Arch Bridges 

| In the longitudinal direction 

fhy using the supports » F « at th . stabi Iity is ensured 
|hese supports will transmit only' tbTb P ^ Vent6d fr ° m SWay ‘ 

p—• uki;mmk 1 * “ d trlcti °™ 

lo ‘“ , “ “«,■ feature *» to th. moving 

structural system. ^ resisted b Y the floor 
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The arch is composed of two structural members connect 
together in the central portion of the span by an upper wii 
bracing whose reactions are transmitted to a lower wind bracii 
either by a vertical rigid frame (Alternative I) or an incline 
one (Alternative II). 

It is to be observed that the lower wind bracing c 
Alternative ,, | M ia a vi breaded alruclurd aye Lem composed c 
the two main beams (i.e. the floor system) and the cros 
girders. While the L.W.B of Alternative "11" is a beam of th 
triangulated type. 

6.5.2.3. Rigid Frames Bridges: 

Fig. 6.39 shows a typical "A Bequiles" bridge. Th 
longitudinal stability is ensured by the rigid frame composed o 
a horizontal girder (floor system) simply supported at both end 
and rigidly connected to two vertical and two incline 
(Bequiles) structural elements. It is to be noticed that thes 
rigid connections can be replaced by flexible ones (hinges). 

The transversal stability is ensured by:(a) a horizontc 
wind bracing attached to the floor structural elements (Fij 
6.39.e), (b) vertical bracing systems connecting the verticE 
legs (Fig. 6.39.c), (c) inclined bracing systems connecting tl 
inclined legs Bequiles >:> (Fig. 6.39.d) 


It is to be noticed that for the computation of t! 
induced forces in the horizontal wind bracing system the exa' 
behavior must consider elastic supports at vertical and inclin 
legs as shown in Fig. 6.39.e. 















IBnmit..—— 


7 w 


Refer to examples 6.6 
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1- Wooden deck , _ 

Flnnr . . ’ Cross girders 

Floor mam girder 

Piles Horizontal W.B. ; 

.... ; 6 - Bequiles. 

- Abutments . „ 

; P = Piles • 

= Support fixed in the transversal d* Be<IUileS 

: Elastic support i n the * dlr « c tion. 

111 the trans versal direction 


Flg ' 6 ' 39 ' Rigid Frame Bridges 


6 ' 6 ‘ 

*• Description r ~~~~ 

rldg “ ■" ^ P ^ 1 ” .‘“' IdgeS “ d «* cable-stayed 

' — - Sl «„, 7— - bebaetee 

needed - a se Parate treatment i s 
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The suspension bridges are frequently utilized in the 
United States for spans till 600 meters. It has been almost 
universally an all-steel structure, apart from the deck and the 
foundations. reinforced concrete towers have been utilized for 
recent suspension bridges. The major governing phenomena is the 
danger of collapse due to aerodynamic instability. 

' iC .. “» i.. a classical 

suspension bridge which is composed of a flexible cable whose 

shape and supports can permit the transmisson of loads to two 

intermediate towers and anchorages at the ends by direct tension. 

A deck is hung from the cable by vertical hangers. It is to be 

noticed that the anchorage cost may be high if the soil is weak , 

at the deck level stiffening is obtained either by using trusses 

or by a system of girders. These stiffening systems will serve to 

control the aerodynamic instability. The main disadvantage is the 

great height of the towers which is not recommended specially at 
the vicinity of airports. 


Tower 


Cable 


Hangers 


Anchorage 


p as* 

Rigid Deck 


Fig. 6.40 Elevation of A Suspension Bridge. 

6 ' 6 ' 2 ' J^tability and Wind Bracing Systems : 

6.6.2. 1 . Tower Configurations : 

Th» longitudinal stability of th. suspension bridges t , 
ensurod by vortical toners fi,ed to the foundations. Th, 
structural syste. of these towers is either of the Inflated 





ppr : 

■■HI 


fipai!; 


6 - 41 «. b. = respectively. " “ h °“" in 





wmMm 

i ■, ;’3§§Fi 

s the 


ly at 


System W VI . re „ d „, 

«8- 6.41 Different Structural System. 

These towers must k 
borizontal tension 

, «■“ « ‘be tower «J* t * “* <*- to , he lwt 

|| . 

*6.2.2. Girder 

I ' '- 

if transvers ^^t^T7t7Tf t, 

I ensured by the stiff ened deck the b ^dge is mail] 

I «exure and torsional rigi dUie ^ ^ P^ide a hi 
| transverse wind loads action Th ^ ° rder . l ° withs tand t; 
I e fther a single tubular deck gird JT C0,Bn0n * ra ° tlCe ls to US 
connected together by cross- girders ^ ^ar section 

| configuration. The towers c^i^T ^ 

* -Aguiar cell 3. 6 x , Q ms >*** each of a single 

Ck> SUffe ^ -ith interior T WUh 14 ~ 2 ° - 

longitudinal bulb- flat 
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*!• stiffeners. The tower was shop fabricated in panels. These 


I ^ppanels were field bolted together. 

Ifc' The deck of the ^Seven Bridge* is a single tubular steel 
B| member. Roadway traffic is carried directly on the stiffened 11 
i mms upper plate. The deck was composed of 13 components 20 ms 
Me- long each and fabricated in shop. The deck is continuous 
If through the towers. 


Inclined hangers were utilized which form a major 
feature of this structure. These inclined hangers were 
introduced to damp the motion induced by the aerodynamic 
oscillations of small amplitude (< 0.1°) which could develop at 
a wind velocity about 20 mph. The spacing of the hanger 
connections to the main cables remains constant at 20.0 ms. The 
hanger inclination from the vertical varies from 17.5° to 25°. 


Fig. 6.43, illustrates the elevation and the cross 
section details of the < Verrazano Narrows Bridge* four cables, 
two at each side are utilized. The wires of each cable are 
grouped into strands. Each strand is connected to an eye bar 
which is concreted into the anchorage. 

The deck is composed of a concrete slab 15 ems thick 
cast around a steel grid 10 ems deep. A stiffening truss is 
connected to an upper and a lower tubular cross section. The 
chords center-to-center are of 7.2 ms depth. 

The towers are fixed at the base and are firmly attached 
to the cables at the top. In section the tower consist of cells 
composed of web plates 12 mms thick connected by 200 x 200 x 12 
mms angles. In the transversal direction the towers behave as 
rigid frames. 






















































A similar concept was utilised in th. 'Mackinac Bridge'. 
TO. elevation and croc action are shown in Fig. 6.44. Th. deck 
„ composed of 12 cms steel grating filled with concrete In the 
outer iane. forming a solid slab. In the central lane, the 
steel grating 1. left open for aerodgn-ic requirements. 


e*K/-*r» riveted and field bolted to 
Stiffening trusses are shop riveted ana 

an upper and a lower chord tubular sections. 






6 6.2.3. Induc ed Wind Forces : 

If transverse wind load, are acting on the bridge a. shown 
in Fig.6.45.a th. transmission of these wind loads to tl 
foundations is proceeeded as follows 


(a) The upper two tubular sections with the connected 

cross girders will act as an upper wind bracing system. Th 

bracing will behave as a vierendeel system (Fig. 6.AS.C * * 

behavior of supports is: two elastic supports at the - 

location (B.C) and two rigidsupportsat the ends (A.B) (Fig-6. • 

u 




The panel points of the vierendeel will transmit 2 • W f • U t 


JL and as shown in Fig. 6.45.C. 

2 f 


These wind loads will induce moments about the ^ d 
axis of the tubular section. The induced ^ ^ J 

(C) are transmitted either to the towers if the * 

to them or to the piles via the end cross frames s ovm ^ ^ 
4.45.b if the towers pass outside the deck. On t e o 


4.45. b it me o , . . rtn<5 via 

«, and m the reaction, Rare transmitted to the f.undati 


cross frames of the type shown in Fig. 6.45.a 
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Ife© 


Abutment 


Hu or R l 


Tower 


Hu or R l 


Tower 


Hu or R u 



Wind Loads 


Abutment 


Ru or R l 


(W T .+W f +W c /2) 



(W f +W G /2) 


(c) 

Upper Wind Bracing 
Vierendeel 


Fig. 6.45 


(b) The two lower chord tubular sections and the 

corresponding cross girders will act as a vierendeel lower wind 

/ 

bracing system. The reaction R is transmitted either to the 
two towers or the piles, while R^is transmitted directly to the 
abutments. 


(c) Once the reactions of the upper and the lower wind 
bracing systems have been determined, the induced force in the 
diagonal members of the cross frames can be computed. 
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(d) If the reactions and R L are transmitted directly to 
the towers, these towers will behave either as a rigid frame a 
vierendeel or a trussed frame according to the tower structural 
system. 

6.7. Cable Stayed Bridges : 

6.7.1. Description : 

The cable stayed bridge is composed of a system of 
main girders whose cross section is generally of the tubular 
type. The main girders are supported on abutments and piers, and 
by a system of straight cables attached either to one or two 
towers. 

Fig. 6.46, illustrates the elevation of a cable stayed 
bridge composed of cables arranged in a single plane at the 
longitudinal center line of the deck. This configuration makes 
use of the torsional capacity that possesses a tubular girder 


section. 


Cable 


Rigid Deck 




Statical System of the Deck 

Fig. 6.46 Cable Stayed Bridge. 
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All cables may either converge to a point at the tower 
top or may be parallel. An intermediate situation consists to 
use the cable intersections partly separated at the towers. The 
deck may be supported by a pier at each cable anchorage. 

As compared with the stiffened suspension bridge, the 
cables are straight which induces great stiffness. This will 
'omit the nonlinearity of the stiffened suspension bridge. 

The cables are anchored to the deck causing compressive 
5forces in the deck. The use of jackings will permit to modify 
the cable forces. These jackings can be arranged either at the 
cable anchorages or at the tower tops. Their use can prestress 
the main span upwards and hence the stress distribution due to 
•dead loads for example is modified. 

Finally the aerodynamic instability, has not been found 
important in the cable stayed bridges. 

6.7.2. Instability and Wind Bracing Systems : 

6.7.2.1. Tower Configurations : 

The instability problems and the corresponding solutions 
are approximately similar as the stiffened suspension bridges. 
Generally the behavior of this type of bridge is similar to the 
bridges of the classical types previously outlined in Section 


The tower stability is ensured as for the suspension 
bridge by using towers behaving in the transversal direction 
either as a rigid frame or a vertical cantilever structural 
member. 

These towers may be rigidly connected to the deck, while 
the whole assembly is pin supported from the pier as shown in 
Fig. 6.47. 
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34.2ms 


97.2ms 


26.0ms 


34.2ms 


Asphalt on deck plate 

j— 

Bulb ribs./ L 


2.0ms 

9.675ms 

3.0ms 


^Tower 

1 


Fig. 6.47 Tower Rigidly Connected to 
the Deck-Complete Assembly Pinned to Pier. 

The second alternative is to use a tower composed of two 
inclined legs joined at the top to form a triangle shape as 
shown in Fig. 6.48. This tower passes outside the deck and is 
fixed at the base. In the transverse direction this tower will 
behave as a rigid frame. 




Rigid Frame 
Tower 


Cables 






• s - s 

Fig. 6.48 Rigid Frame Tower fixed at the Bases. 

























The third alternative is to use towers which passes 
through the deck and separate from it. These towers can be 
pinned to the pier top. 

6.7.2.2. Girder Cross Section Configurations : 

The transversal instability is ensured by using a 
tubular girder section. One of the following configurations can 
be utilized: 

(a) The main girder may consist of three-cell tubes, a 
central cell will form the median strip accommodating the tower 
and cable connections. (Refer to Fig. 6.47) 

(b) Fig. 6.48, illustrated a deck consisting of a steel 
orthotropic plate with a bituminous wearing surface and is 
supported by cross-girders spanning between two widely spaced 
tubular girder. 

(c) The steel orthotropic deck may be supported on a 
central two-cell tubular girder with cantilever cross-girders 
supported by diagonal strut passing upward from the outer bottom 
centers of the tube as shown in Fig. 6.49. 


s 
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(d) Fig. 6.50, illustrates the cross section of a bridge 
composed of a steel orthotropic deck plate supported on four 
parallel plate girders. The lower flanges of the inner girders 
are laced together to form a torsionally rigid system, while 
between the towers, this lacing is replaced by a stiffened plate 
forming a closed box section. 




403ms 



6cms asphalt on 12mms 
/ deck plate 



3.85ms 


7.6ms 


Fig. 6.50 

6.7.2.3. Induced Wind Forces : 

The applied transverse wind loads will induce a shear 

flow in the girder tubular cross section as has been previously 
outlined in Section 6.4.2. The induced diagonal forces will 
follow Equations 6.34 and 6.39. 

Only for the end diaphragm the value of ”W" must consider 
either at the tower location the support is elastic or rigi 
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That is to say: if the tower is fixed to the deck and the 
^ complete assembly is pinned to the pier, the support is rigid (see 
Fig. 6.51.a). If the tower passes outside the deck and is fixed 
at the base, the support is elastic as shown in Fig. 6.51.b. 


Abutment 


Abutment 


T 

Tower 

(a) 


X 

Tower 

(b) 


Fig. 6.51 


i 6.8. General Stability of Bridges : 

This stability is ensured by using the following 
supports: 

- piles. 

- piers or abutments. 

The stability of a bridge is to be ensured for both the 
longitudinal and the transversal directions. 

6.8.1. Longitudinal Stability : 

This stability can be provided using one of the 
following configurations: 





to 


* 7777 . 


F - Fixed point in the longitudinal direction. 


Fig. 6.52 Longitudinal Stability 
Ensured by Abutments. 


I 
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(a) Fig. 6.52, illustrates a longitudinal stability 
ensured by a left abutment (F) whose foundation must be of good 
characteristics. This configuration is recommended for short span 
bridges and where at the intermediate piles location the soil 
properties are weak. It is to be observed that these piles are 
not subjected to bending straining actions unless the friction 
force of the support is taken into account. 

(b) Fig. 6.53, illustrates a longitudinal stability 
ensured by one pile (F) or a group of piles whose height is 
relatively short and where the properties of the soil are not 
very weak. It is to be observed that the other group of piles 
and abutments are not subjected to any longitudinal forces 
unless the friction force at supports is taken into 
consideration. 



Fig. 6.53 Longitudinal Stability 
Ensured by Short Piles. 

(c) It is also possible to choose the fixed point in the 
longitudinal direction at the location of piles of medium and 
long height despite these piles are fixed at the bases. This 
can be attributed to the fact that the induced longitudinal 
forces are relatively small, in addition these piles are 
flexible. (see Fig. 6.54) 
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However, these piles are to be dimensioned on the 
induced normal forces and in addition the longitudinal bending 
action, a second order analysis is essential. The soil must be 
of excellent properties. 




Fig. 6.54 Long Piles Ensuring 
Longitudinal Stability. 

As a general rule, in order to ensure the longitudinal 
stability of a bridge, a fixed point in the longitudinal 
direction is to be provided by using either an abutment, a pile 
or a group of piles. This process will decrease the 
indeterminate forces induced due to temperature and creep. 


If the bridge is very long, it is recommended to provide 
the fixed point at mid distance between the two edges. This 
naturally will decrease the longitudinal deformations of the two 
edges due to temperature effect. 

6.8.2. Transversal Stability ; 

Generally the abutments are fixed with respect to the 
transversal deformations, while the piles are either fixed, 
elastic or free. The common different configurations are 
given below: 


as 
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(a) Fig. 6.55, illustrates a group of piles of medium 
height and huge dimensions. They constitute fixed supports to 
the deck in the transversal direction with respect to 
deformations. These piles will be subjected to the supports 
reactions induced due to wind loads action. The structural 
system is a continuous beam ( there spans - four supports) 

It is to be observed that the abutments reactions are 
considerably low compared to the piles reactions. 


Statical System of Deck 


PLAN 


Pile or Pier. 

Abutment. 

Fixed point in the transversal 
direction. 


^Foundations (Caisson) Transversal 
Cross Section of Pile 


Fig. 6.55 Transversal Stability 
Ensured by Abutments and Piles, 


(b) The piles shown in Fig. 6.56 are relatively high, 
rigid and approximately fixed at their bases. In plan these 
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piles are elastic supports ( i.e. elastic supports 
transversal direction). 


in 


the 


The induced reactions due to wind loads action in the 
transversal direction are proportional to the relative rigidity 
of the corresponding support with respect to the deck. The 
rigidity of an elastic support is measured by computing the 
induced force required to produce a unit displacement. 

If the rigidity of piles is relatively small, we can 
observe that the abutments will transmit most of the wind 
transversal loads. 




PLAN 


P = 
C = 
F = 

E = 


E E 

Statical System of Deck 


Pile or Pier. 

Abutment. 

Fixed Support in the transversal 
direction. 

Elastic Support in the transversal 
direction. 


Transversal Cross 
Section of Pile 


Fig. 6.56 Piles ; Elastic Support Configuration 








Statical System of Deck 

= Pile or Pier. 

= Abutment. 

- Fixed Support in the transversal 
direction. 


j i R.C. Columns 

t~o- 

jj Steel Tube 
I! /—Foundations 


Fig. 6.58 Free Support Configuration. 

Fig. 6.59, illustrates the common types of wind bracir 
member cross sections. 







Fig. 6.59 Different Types 
of Cross Sections, 
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It must be noticed that the R.C slab can act as an upper 


W.B. 


The most stressed diagonal (L.W.B) * Unloaded 


F = - ( 1.62 x / cos0 = - 1.96 tons. 

U D 


The End Cross Frames 


(a) * Equal Share of Shear* 


In order to compute the diagonal force we assume that 
the horizontal force through section (s~s) is shared equally by 
the two diagonal members. The lateral shock 6 tons is added. 


6JL_Ru 

1.80ms 



- yL - 

0 


B \( 


6t Ry 


—<D 


L —— Rn +6 


Ry 4-6.0 + Ry 


Ry +6 \f 
2 - —^ 


Ry +6.0 +-Rl 


2.0ms 


Hence 


R + 6.0 

F = ± —- = 4 ; 59 . = 7.15 tons 

D 2 cosa 2 x 0.74 


In order to determine the force in the upper strut A take 

»» it 

the equilibrium of joint 1 


Hence 


R +6 

f a - - ( -V- > 


= - 5.3 tons, 
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Similarly from equilibrium of joint (3) we get : 


R +6.0 

Fg = - ( Rj^ + - ) = - 6.11 tons. 


(b) Neglect the Compression Member 



From Section (s-s) get F^ : 


r. _ . R u + 6 -° _ 4.59 + 6 .0 _ ^ ^ 

F D " cosa " 0.74 14-31 tonS ' 


F = - ( R + 6.0 ) 

A u 


10.59 tons. (Equilibrium of 
Joint "1") 


F B = - ( V V 6-0) 


11.40 tons. (Equilibrium of 
Joint "3") 


If the diagonal members of the end cross frames are chosen 
of the k type, the system is statically determinate and the 
forces are computed as follows: 
















Section (s-s): 


R +6.0 

p —. + __ 

D 2 cos/3 


“ + 


4.59 + 6.0 


1 2 x ~ 0 485 " ± 10 * 59 tons, (loaded) 


Equilibrium of Joint (4) : 


F_ = 


B R l = - 1.62 tons, (unloaded) 
Equilibrium of Joint (3) : 


F = - (R + R + 6.0) 
C L u 


(0.81 + 4.59 + 6.0) 
11.40 tons. 


Equilibrium of Joint ”1' 


R + 6.0 
u 


F 


= - 5.3 tons. 
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Example (6.2) : Through Railway Bridge 

For the railway plate girder bridge shown in the below Fig 
suggest and design the following: 
a- A tringer bracing, 
b- A bracking force bracing, 
c- A lower wind bracing. 

d- A bracket section with the corresponding connections. 



r- "T 

A 



2 . 80 ms 



(A-A) Combination of Different Bracing 
Systems. 


1.8ms 



Stringer Bracing 



Lower Wind Bracing 
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1- Stringer Bracing: (Refer to Section 4.3.1.1) 


For the design of the different stringer bracing members 
consider the panel shown in the Fig. below: 


Cross 

Girder 


1.8ms 


3.Otons 


.Otons 


2.5ms 


Cross 

Girder 



Stringer 


Stringer 


3.Otons 


F = ± 6.0 tons 
1 


± - = ± 3.65 tons, 

cosa 


2- Braking Force Bracing: (Refer to Section 4.3.1.2) : 












Two braking force bracing systems being utilized each system 
will carry a force "B" : 


1 1 


® = 2 x 7 x £ loads of the train the bridge can support 


B = i x i x 210 = 15 tons. 


F = +___ 

1 4 cos0 


= ± 7.32 tons. ( cos0 = 0.512 ; 


^2 = - sin 0 = ± 6.29 tons. 


3- Lower Wind Bracing : 



Wind . W 



b-6.0ms 


Wind Loads : 


Unloaded Bridge 


W Q + W Q = 2 - 8 x 2.5 x 200 = 1400 kgs 


sin 0 = 0 . 86 ) 


h= 1.9ms 


R, = 6 x 1.4 = 8.40 tons. 












Loaded Bridge : 

= 700 kgs. 

lx lx 


W T = 1.9 x 2.5 x 100 = 475 kgs. 


R l = 6 ( 0.7 + 0.475 ) = 7.05 tons 


Design of Diagonal Members 


F_ =f ± ^— -—5 = ± 7r—^r*rZS “ - 5.47 tons. 

D T 2 cos (3 2 x 0.768 

( cos£ = 0.768 ) 


4- Design of Bracket Cross Section : (Refer to Section 4.3.1.4) 


= 1133 t.m. (from design of plate girder bridge). 

c = . ^ 13 ?— = 417.15 tons a 417 tons. 

0.97 x 2.8 

(height of web = 2.8 ms) 

„ = 4.17 x (1.9 + 0.45) + 0.95 x 0.5 x 2.8 = 11.13 t.ms. 


_ _ 11.13 x 100 . . 

F 1 = F 2 = -90- = 12 - 4 t0nS * 


C/100 


200x2.5 = 
500kg/m 



4.62ma 


Clearance line 


3.16ms 



L80x00x3 


Jntermediate 

Stiffener 
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Solution 


Unloaded Bridge 


V Q + W G = 6.0 x (6.5 - 1.3) x 200 x 0.4 = 2496 kgs 


W f + W f = 6.0 x 1.3 x 200 = 1560 kgs 


2 49 

R u - 4 x ( — ) = 4.992 tons. 


\ = 4 [ ( ) + 1.56 ] 


= 11.22 tons. 


Loaded Bridge : 


W G + W G = 1.248 tons 


W f + W f = 0.78 tons 


W T = 6 x 2 x 100 = 1200 kgs 


R u = 4 ( ~^r~~ ) - 2.496 tons 


\ = 4 [ ^ ~ ‘| 48 ) + °- 78 + l - 2 1 

= 10.41 tons. 


The Upper Wind Bracing (Unloadde Bridges) :~ 


4 992 

F = ± -——=? ± 3.53 tons. 
D 2 x cos0 
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The Lower Wind Bracing (Unloadde Bridges) 
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~ __ , 11.22 5 ^ 

f d - 1 2 ~ X cose = 4 7 - 93 tons 


The Portal Frame (End) : Unloaded Bridge 


2.496t 2.496 


ES 


Cross Girder 


24.464t 



Mr 15.741 

I 



v _ 4.992 x (2.95 + 0.4) „ . 

V = -——---- = 1.393 tons. 


For Loaded Bridge : 


- 1.996 t.m. M 2 = M 4 = M 5 = 7.36 t.m. ; M = 9.36 t 


Design of Strut : 


= 9.36 t.m. 


N - ~ ~ x 4.992 = -2.496 tons 
Unsupported length = 12.0 ms. 









Choose a convenient built up section and check the actual 
stresses according to chapter 6 of volume ”1”. The stresses are 
to be compared to those corresponding to case of loading “I". 
Design of Vertical Truss Members : 

For tension vertical truss member : 

N = Design force of D.L and L.L with impact + (1.393 ton 

V Of unloaded bridge) 

M a 7.36 t.m. 

Choose a convenient cross section and compare the actual 
stresses with those corresponding to case of loading "U" 
according to chapter 6 of volume "1". 

For compression vertical truss member : 

N = Design force due to D.L and L.L with impact + 

1.393 tons "compression" 

M = 7.36 t.m. 

This corresponds to case of loading "IT". 

Design of Cross Girders : 

If the cross girders are designed as simple beams, the 
induced moment ^ = 7.86 t.m. due to the wind load action at 
the edges are generally resisted by the cross girder cross 
section. 

Hence no need to calculate or to check the cross girders 
again. 
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Wind Left Action 


Case of Unloaded Bridge : 


Wq + W Q = 6.0 x 6.0 x 200 x 0.4 = 2880 kgs 


W f + W f = °* 55 x 6 *° x 200 - 660 kgs, 


Rf = 4 x ( ) = 5.760 tons. 


B„ = 4 [ < ) * 0 


.66 J = 8. 


4 tons 


P L + P L = ^ X 2 ‘ 88 = 1 ’ 44 tons 


Case of loaded Bridge : 


Wq + W G = 1440 kgs 


V f + W f = 330 kgs. 


W T = 2 .Ox 6.0 x 100 = 1200 kgs, 


= 4 x ( ) = 2.88 tons. 


R = 4 0.33 + ( ) + 1 

u L 2 J 


.2 j = 9.0 


tons 


Design of Lower W.B Members (Unloaded Bridges) :- 


r r* ( T><S- tls "“ (s-s-.e 
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From equilibrium of Joint "I” get : 


F a = + F d cos0 - P L = 3.56 x 0.707 - 1.44 =+ 1.08 tons, 
From equilibrium of Joint "TT" get : 


= - [ \ - (P L + P L 
= - £ 5.76 - 1.5 (1.44) 


) x 1.5 - F, 


- 1.08 J = 


- 3.34 tons 


Design of End Cross Frame Members : 



0.4 ms 


Ru ± Rl 


12.0ms 


h = 6.0 + 0.25 + 0.25 - 0.4 = 6.1 ms. 
Neglect the eccentricity 0.4 ms. 


F D ± 2 cosa = * 2x0.707'" ± 5-94 t0nS 


(cosa = ±0.707) 


F. = - R. = - 5.76 tons. 
A L 


F_= - (R + R T ) = - (8.4 + 5.76) = - 14.16 tons 
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Example (6.5) : 

For the Pony railway two lanes Truss bridge shown in Fig 
design the following: 

a- The lower wind bracing. 

b- The vertical member of the truss main girder. 


Solution 


b= 13.0ms 






Braking Force Bracin 
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h f = (0.8 + 0.4) = 1.2 ms. 


h n =3.5 + 0.2 - 1.2 * 2.50 ms 
G 


= 3.5 ms. 


Wind Loads : 

Case of Unloaded Bridge : 


W + W =2.5 x6.0x 200 x 0.4 = 1200 kgs 
G G 


W p + W_ = 1.2 x 6.0 x 200 = 1440 kgs. 
f f 


= 4 ( 1.44 + 1.2 ) = 10.56 tons 


Case of Loaded Bridge : 


W G + W G = 600 kgs * 


W f + W f = 720 kgs. 


W T = 3.5 x 6.0 x 100 = 2100 kgs 




= 4 (0.72 + 0.6 + 2.1) = 13.68 tons 


Diagonal Member of L.W.B : 

15 10.56 

^D ~ 4.0 X 2 x cos0 


= ± 6.29 tons. cos0 = 0.734 
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Design of the Vertical Member 




The vertical member of the* Pony bridge must be designed to 
carry, in addition to the forces induced due to the cases of 
dead, live and impact loads, the following: 

a- The applied wind loads. 

b- The horizontal force (C/100) induced by the phenomena 
of buckling of the upper compression chord. 

Hence the vertical member is a beam column subjected to : 

N = Design force due to D.L, L.L and impact. 

r 2~~3^ 

M - —r x 2.3 + 100 x 6 x 0.4 x —(Where C = 1645 tons) 
100 z 

M * 37.83 + 0.635 = 38.465 t.m. 

The design rules of chapter "6", Volume ”1" are to be 
applied for the corresponding cross section. 


For the design of stringer and braking force bracings procc 
exactely as in example 6.2. 
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Example (6.6) : 

The tubular girder bridge shown in Fig. consists of the 
following: 

a- Intermediate diaphragms at intervals 10.0 ms. composed 
of the cross girders, the transverse stiffeners and diagonal 

members. 

b- End diaphragms provided at supports location. 

It is' required to compute the forces induced due to a left 
wind load action. 

Solution 
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At Intervals 10.0ms 
W = 2.0 x 10 x 100 = 2000 kgs. 


» G t » G = 7.5 x 10 X 100 a 7500 kgs. 

= + 2 + W G ) = 5.75 tons 

H u = \ ( W G + W G ) = 3.75 tons. 

W x 1.0 ' . • 

v - t _ 2 x 1.0 _ 

V - - - — —=r = 0.206 tons. 


^te = ^ V x 9.7 + (H q - H^) x 3.75 ] = 9.5 tons 
Using Equation 6.34 we get ; 



9.5 

2 x 9.7 x 7.5 


= ± 0*58 tons. 
















End Diaphragms of loaded bridge at "A" : 


CHAPTER 


w§_ 

ILQ 



-~—+ 0 — 

.— 



SPANS 


1 ^ 

W 1 = 2 *° x o x (195 + 105) x 100 = 


W/2 


30000 kgs. 


W 2 ~ W 3 = I j 7 * 5 x § x (19S +105) X looj 


~ 56250 kgs. 


= 30 + 2 x 56.25 = 142.5 tons. 


_/ _ 30 x (1 + 3.75) 

142.5 = 1-0 ms. 

Using Equation 4.39 we get : 

D = + ( 142 -5 x 1.0 x 8.93 142.5 . 

2x7.5x9.7 4 cos<x 


D = ± 74.34 tons. 
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Example (6.7) : 

For the hingeless arch bridge shown in the Fig. below, choose 
and design the convenient systems of wind bracings. 

Solution 



1.38ms 


1.8ms 



rnron'i 

1.2ms/ 


18cm Concrete Slab 


18.0ms 




3 


3 


1.38ms 


Box Sec. Columns 
at approximately 
12.0 ms Centers 


K Bracing between arch ribs 
in these "planes" 



18.0ms 



24x13.166=316ms 
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1 Yi 

41.32 

34.5 28.2 

22.5 

17.5 

13.2 

9.5 

6.3 

3.8 

1.95 

0.7 

0.08 


2 =179.55 


Wind Loads : 

Upper wind bracing " Unloaded Bridge" 


W + W = 1,38 x 300 x 200 = 82.8 tons 


Total wind loads on posts - 2 x 0.5 x 179.55 x 200 

= 35.91 tons 


W ep .= wind load on the two edge posts . 


W = 2 x 0.5 x 45 x 200 =9.0 tons 
ep 


R = l ( 82.S + 4 x 35.91 + i x 9.0 = 52.65 tons 

u Z ^ Z | Z 

Fl00r Posts 


\ 

Edge Posts 
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R - W 

F = ± -— = 40.62 tons. 

D 2 cos© 


Where :- 


W = 1.38 x 6.0 x 200 + -4- x 9.0 


Floor 


s 

Edge Posts 



CosO 

= 0.8 


W = 3.906 tons. 


Lower wind bracing " Unloaded Bridge” :- 

Total wind loads on arch walls = 3.6 x 316 x 200 = 227.52 tons 

Reaction on the lower wind bracing of the upper face of the 
arch = R v 


= ~ ( 227.52 + | x 35.91 ) = 122.73 tons. 


V ♦ W"= § x C6.583 + ) 

x 3.6 x 200 = 4.74 tons 


D _ + 122.73 - 4.74 - W pl /2 
2 cos a 


= + 102.7 tons 


Where : W „ = load on first post, 

pi 


W , = 0.5 x 41.32 x 200 
Pi 



Cosoc 

=0.584 


4.132 tons 
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End Cross Frame : 


The reaction of the upper wind bracing will be 

transmitted to the foundations via the end cross frame, while 

M M 

the lower reaction is transmitted directly to the 

foundations. 


52.65 + 1.5 x 2 + 0.75 


± 36.71 tons. 


cos/3 = 0.77 


52.65 x 45 + 1.5 (15 + 30} 


135.37 tons. 
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Example (6.8) : 

For the Bowstring arch bridge shown in Fig., suggest 
convenient systems of wind bracing. Compute also the induced 
wind forces in the different bracing members. 

Solution 








11x7.7=84.7ms 


99.9ms 


ram 


8.85ms 



750x16rams Flange Plate 
600x24mms Web Plate 
100/150xl8mms Angles 
at midspan 


2.5ms 


1.1| 2.75 2.75ms | 2.75 1.1 

10.45ms 


r la <1 
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Wind Intensity : 


2 

For wind ward side q = 200 kg/ro (loaded bridge) 



h = 5.0 ms 
o 

Wind Loads ; 

Case of Unloaded Bridge : 

Total wind loads on floor elements =( 99.9 x 2.5 x 200 ) 

= 49.95 tons. 

/ 

Total wind loads on arch walls (B-B ) = ( 0.6x 74.5 x 200 

8.94 tons. 
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Total wind loads on arch walls (A- B) and (A- B ) 

= 0.6 x 2 x 17.1 x 200 = 4.1 tons 

Total wind loads on posts 1, 2, 3, 4, 5 = 0.3 x 65.7 x 200 

* 3.942 tons. 

Wind load on posts 6=0.3x2x5x200= 0.6 tons. 

Hence : 

■ • ' v* ' 

R uA “ ~2~ ( ~z~ x 4 ‘ 1 + °- 3 x 5 x 0.2 ) = 1.175 tons 


arch A B 


\ 

Post 6 


_ 1 


R uB " ~T ( 8 - 94 + 4 -l + 3.942 x 2 ) = 10. 


/ / 

arch B B 


46 tons 


\ \ 

arch A B Post 1.5 


^LB 2 ^ 49.95 + 3.942x2 + 0.3x5x0.2 + 10.46 ) 

^ ✓ \ \ 

Floor Post 1.....5 Post 6 R 


= 68.74 tons 


uB 


Lower Hind Bracing : 

F = + \a - x 7,6 x 2.5 x 0.2 
® ~~ 2 cose 

± 58.83 tons. (cos0 = 0.568} 

Upper Wind Bracing ; 

Floor 

_ + R uA + R uB " °- 6x ( 17 -l + 9.3/2)x0.2 - 

2 cosa 


D 


Posts 5,6 

i ^ 

"2“X(5+9)xO. 3x0. 2 


= ± 9.83 tons. 


cosa = 0.49 
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Example (6.9) : 

For the rigid frame bridge *A Bequilles >:> shown in Fig. 
Suggest convenient systems of wind bracing and hence compute the 
induced wind forces. 

Solution 


93.9ms 67.8ms 82.5ms 

T ®| ! I® 

7/Ag .i ” T 

// 6.0 j 2.75ms 675 \ 

/// \Cross Frame 


105.3ms 


2.7 

•k 

2.7 > 

53.0ms 

230.5ms 




66.0ms 


6.0ms 


6.0ms 


6.0ms 


Cross Section at ”B 


Walls of Inclined 
Legs 



4X13.0=52.0ms 









Transmition of Wind Loads : 


The steel orthotropic deck as well as the lower walls of the 
tubular girders will act as an upper and a lower wind bracing 
systems. 

Only two crossing frames in the planes (A-3) and (B-4) are 
to be provided in order to transmit the wind loads reactions to 
the foundations. 

It is to be observes tjhat the upper panel joints of these 
cross frames are in fact elastic supports. 

Refer to Section 6.5.2.3. 

For simplicity the supports at "A*' and "B" will be 
considered as rigid supports. 


Wind Loads : 

Case of Unloaded Bridge : 

Take average depth allthrough the bridge equal to mean of 


2.3 +2x6.2+ 2.75 +2x6.3+ 2.7 


= 4.68 ms 


Reactions due to wind loads on horizontal tubular girders : 

QO Q x f.'7 O 

R. « 4.68 x — -— x 0.2 = 75.67 tons. 

A Z 

Rg = 4.68 x 82-5 * 105-3 x 0.2 = 87.9 tons. 


Wind loads on inclined legs : 

Take average depth mean of 


6.0 + 2.7 + 6.75 + 2.7 


= 4.53 ms 


(F + F ) = 4.53 x 52 x 0.2 = 47.11 


Hence : F + F = 11.78 tons 


F D * * 


87.90 + 3.5 x 11.78 
2 cos0 


= ± 154 tons 


cos0 = 0.419 
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